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PEEFAOE. 



The "First Book of Zoology" is expressly prepared 
for the use of pupils who wish to gain a general knowl- 
edge of the structure, habits, modes of growth, and other 
leading features concerning the common animals of the 
country. 

Particular attention has been given to the lower animals, 
as these are more often neglected in text-books. Directions 
for collecting, the preparation of specimens for the cabinet, 
and the haunts of the animals to be studied are given, and 
the pupil is expected to study, with the book in one hand, 
and the specimens in the other. The figures illustrating this 
work, with a few exceptions, have been drawn from Nature 
by the author, and have been prepared with especial refer- 
ence to their being copied by the pupil. To facilitate this 
the figures are made in outline, with the shaded side of the 
figure indicated by darker lines. 
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The neceasity of the pupils copying (however poorly) the 
figures, either upon the slate, or upon paper, cannot be too 
strongly urged. 

From his own experience, the author has learned that a 
specimen or figure may oftentimes be carefully studied, and 
yet only an imperfect idea be formed of it ; but, when it 
had been once copied, the new points gained repaid aU the 
trouble spent in the task. 

It makes but little dijSference whether the pupil is profi- 
cient in drawing or not; it should be strenuously insisted 
upon by the teacher that the pupils copy, as far as possible, 
the figures contained in each lesson. 

To collect in the field, to make a cabinet, and then to ex- 
amine and study the specimens collected, are the three stages 
that naturalists, with few exceptions, have passed through in 
their boyhood. 

If one recalls the way in which boys first manifest their 
taste for such studies, he will remember that first a few ex- 
amples were brought together ; a collection was made. It 
may have been birds'-eggs, insects, or shells; then little 
boxes, a case of drawers, or shelves, were secured to hold 
their treasures. In thus collecting and arranging and rear- 
ranging the cabinet, the eye becomes familiar with the out- 
line and general character of the objects, and in this way the 
mind is finally prepared to comprehend the relations existing 
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between animals, and to appreciate the leading points upon 
which dassiiication is founded. 

Agassiz invariably placed before his students a single 
specimen, or a box full of specimens, and told them to look 
and see what they could find out. 

It has seemed, therefore, that the way toKK)mmence the 
study of zoology is to follow the course one naturally pursues 
when he is led to the study by predisposition. Nor is it es- 
sential, at the outset, to present the entire range of the ani- 
mal kingdom. Teach the characters of one or two great di- 
visions first, and then the pupil is better prepared to grasp in 
turn the other divisions. The persistent attempt, in all text- 
books of this kind, to give some attention to every large 
group in the animal kingdom, has often resulted in wearying 
and confusing the minds of those who take up the study for 
the first time. 

A very serious difficulty is encountered in those books 
which give a more or less complete view of systematic zo- 
ology for begioners. In some, the authors commence with 
the lowest forms, and end with the highest. In others, the 
highest animals are dealt with first, and the lessons end with 
the lowest. The first mistake made is the attempt to 
teach systematic zoology, where the pupil is quite ignorant 
of the material to be classified ; and proper familiarity 
with the objects, the author contends, can only be acquired 
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by collecting the specimens and forming a little cabinet of 
them. . . 

The difficulty, however, arises in commencing the les- 
sons with either the lowest or the highest animals. If the au- 
thor commences with the lowest animals, he deals at the out- 
set with creatures which the pupil in certain cases can never 
see, as many of the animals to be considered are microscopic, 
and most of them of such a nature that their soft parts 
cannot be preserved. On the other hand, if the author com- 
mence with the vertebrates, he presents, point-blank, some 
of the forms of structure most difficult to understand. 

The main thing at the outset is to teach the pupil how 
to collect the objects for study ; this leads him to observe 
them in iN^ature, and here the best part of the lesson is 
learned: methods of protection for the young, curious 
habits, modes of fabricating nests, and many little features 
are here observed, which can never be studied from an or- 
dinary collection. Hence, collecting in the field is of para- 
mount importance. Next, the forming of a little collection 
at home prompts the pupil to seek out certain resemblances 
among his objects, in order to bring those of a kind together. 
In this way he is prepared to understand and appreciate 
methods of classification. Finally, having grasped the lead- 
ing features of a few groups, he is enabled to comprehend 
the character of cognate groups with less difficulty. Thus, 
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an inland student, haying got the typical idea of an insect 
from the study of a common grasshopper, for example, is 
much better prepared to understand the general structure 
of the Crustacea, though he may never have seen the few 
forms peculiar to fresh water. In the same way af tey 
having studied the common earthworm, he can form a 
better idea of the complicated structure of many marine 
worms, though these he may never see. After long delib- 
eration, and some hesitancy, the author is forced to depart 
from common usage, and present, in this first book, only a 
few of the leading groups in the animal kingdom. 

From the abundance of material, and the comparative 
ease with which the specimens may be preserved for cabinet 
use, shells and insects have always formed the favorite col^ 
lections of children. They are the most common objects in 
nearly all collections, and it has seemed to the author that 
here the pupil ought to commence his studies. 

Having learned to collect and prepare specimens for the 
cabinet, and to observe the relations and differences existing 
among them, the pupil is then prepared to go on to forms 
less familiar, or to study in detail the material already gone 
over. 

Great pains have been taken to present, in every case, 
drawings made from the animal, expresaij for this book. 
They are all American, and, with few exceptions, are en- 
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tirely new. It is believed that teachers will appreciate the 
absence of those hackneyed illustrations which have too long 
done service in text-books on the subject. 

To those especially interested in the study, many figures 
are given which have never before been published, even in 
scientific works, as, for example, the rare Lymncea mega- 
%oma^ Lymncea ampla^ Ptyelvs UneatuSj and many others. 

I desire here to express my thanks to Dr. A. S. Packard, 
for looking over the pages relating to insects, and to Dr. H. 
Hagen, Mr. Samuel H. Scudder, Prof. H. H. Straight, Prof. 
Theodore Gill, Prof. A. J. Cook, and Miss Maggie W. 
Brooks, for important specimens for illustration ; and to the 
firm of Russell & Richardson, Boston, who, with the interest 
of personal friends, have attended to the proper engraving 
of my drawings. I am also deeply indebted to Prof. E. L. 
Toumans, Mr. John M. Gould, and Mr. Henry W. Swasey, 
for valuable suggestions and advice ; and, finally, I have to 
express my gratitude to the publishers of this book, who 
have, with unbounded liberality, left the entire matter of 
illustration in my hands. 

E. S. M. 

Salem, Mass., March 12, 1876. 
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With the printing of the second edition, the author desires to thank 
the press throughout the country for the generous praise they have 
awarded this little book. 

He wishes also to express his gratitude to the numerous friends and 
teachers who have kindly pointed out some errors, which, it was ex- 
pected, would escape observation during the hurried passage of the book 
through the press that it might be ready for the opening of schools. 

To Mr. 0. 8. Westoott, of the Chicago High School, the author is 
especially indebted for many valuable suggestions, made after a thorough 
and critical reading of the work. 

It has been regretted by a few that the systematic names did not 
accompany the iijB;ure of the animal represented. One gentleman writes 
as follows : 

*^ I should have advised you to give the scientific names of all the 
objects to which you have referred. Many will read your book, not 
children, but who are advanced enough to know the names of things. 
Tou might have said, ^Here is a figure of the common clam {Mya 
arenaria) ' — if that is the name nowadays. In this way you give a sort 
of familiar dictionary to students of any age. More than this, I believe 
in people learning early the scientific names of scientific olfjects^ such as 
worms and shells that have no common names. We talk nowadays of 
verbenas, bouvardias, gladioli. Why not also say Astarte, Natica, etc.? 
It is just as easy to learn one as another. Tell a child that a shell is 
a Modiola, and he learns the word as quickly as mussel.^' 

It is but fair to say that the propriety of giving the technical names 
in this book occurred at the outset, and the conclusion to leave them 
out was only arrived at after long and careful deliberation. It was be- 
lieved that a very few pupils indeed would care to know them, and that 
those who did could, in most cases, find access to some of the books given 
in a li^t for reference on the last pages of this volume, wherein full de- 
scriptions of the species oftentimes accompany their mention. 

The main reason, however, in not giving the technical names was, 
that at present they are changing so rapidly that only the specialist in 
each department pretends to keep up with the latest appellation. An 
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eminent naturalist of Philadelphia stated that in the present condition of 
nomenclature the common name of an animal was oftentimes more reli- 
able than the scientific one I Now, while these rectifications are in many 
cases essential, the names themselves are of little consequence to those 
who are to learn the brief outlines of the subject, and in this work it is 
desired to teach onlj a few characters of the snail, insect, spider, worm, 
and the like. The names learned to-daj would, with few exceptions, 
be of no use ten years hence. More than this, they would be an abso- 
lute hinderance. 

OladioluB remains gladiolus. Verbena has been verbena for a long 
time, and even Calla persists, when its true name is Hiehardia. Mya 
is still Myaj but Naticay as applied to the large beach-snail, is now Lu- 
natia. That teachers may fully appreciate how rapidly these names 
change, the following examples are given : The shell, figured on page 28, 
was known to the author not many years ago as Pyrula ; since then it 
has been called Fulgar^ Busycon, and now it is called Syeotyeus ! In 
Gould^s ^* Invertebrata " the author used to study the following species, 
among others, under the genus Buteinum^ which are given in the first 
column, the second column indicating the new generic names which 
stand for the same species at the date of going to press : 

Bucciuum undatum, Buccinum undatum. 

^^ obsoletum, Ilyanassa obsoleta. 

" trivittatum, Tritia trivittata. 

" plicosum, Eurosalpinx cinerea, 

'* rosaceum, Astyris rosacea. 

" vibex, Nassa vibex. 

An extreme instance might be given regarding one of the most 
common animals of our coast, the sea-urchin. This creature is still 
known by many as Eehinue granulaUis^ this name being given within 
twelve years by Agassiz in his " Methods of Study in Natural History." 
The following list shows the successive changes in its name since that 
time: 

£chinus granulatus, Toxopneustes drobachiensis, 

Euryechinns granulatus, Euryechious drdbachiensis ; 

and, at the date of going to press, this unfortunate creature bears the 
name of 

Stbongylooentbotvs drdbachiensis 1 1 1 

and yet, this little animal will be known by the name of sea-nrohin long 
after the time when the systematists and their distracting nomenclature 
shall have been forgotten. £. S. M. 

Salem, Mass., October 12, 1876. 
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CHAPTER I. 

FSESH-WATEB SHELLS. 

Fob these lessons, it has been deemed best to commence 
with the shells of moUusks, such as snail-shells and mussels. 
They are better objects to examine than insects, being more 
simple in structure, and less liable to be broken in handling. 
When found alive, their habits can be readily studied, as 
they can easily be kept alive in jars filled with water. 

1. Let the pupils first make a collection along the shores 
of some lake or river, picking up all the different kinds of 
shells they meet with. The waves will have thrown them 
up on the shores, or in times of drought the waters will 
have left them exposed. Certain kinds are very small, 
though they will be found by sharp looking. Most of 
the shells collected will be empty, and these shells are 
called dead sheUa^ because the soft-bodied creatures once 
contained in them have died and decayed, leaving the hard, 
limy shells. Some of the shells collected may contain the 
animal^ and at one time each of them possessed a little creat- 
ure within, which was the fabricator of the shell. 
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2. Eemember that the ghell is not a house built by the 
snail, as a wasp builds its nest, but the shell is a part of the 
animal, and is connected to it by certain muscles, so that it 
cannot leave the shell, as many suppose. 

The empty, or dead, shells, are to be studied first. 

Looking over the shells collected, we shall find some of 
the following kinds : 






FiQ. 1.—FBB8H- Water Shells. 



A number of fresh-water mussel-shells, also, will prob- 
ably be collected. 




Fio. 2.— Fbbbh-Wateb Mttssbl-Shsll. 



These are to be reserved for future examination. Those 
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baving a spiral turn or twist are called bq^I eliells, and are 
to be etndied first. 

3. Let the pupils pick oat from their collections the 
shells like these: 




The difierent spiral tnms, or twists, are called whorls, 
and the whorls together form the i^ai/re. The opening into 
the shell is called the aj^erture, and the line separating the 
whorls is called the suture. The pointed end of the spire is 
called the apex. 



vAorU fcnnlns tbs tp^n. 
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In Bome Bhells the spire is elongated; in others the spire 
is short; in others still the spire is depressed or jlattened. 

Fig. 6. 



\ 
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4. If the shell is held in the hand, with the aperture 
toward the holder, and the spire pointing npward, as in the 
figures drawn, the aperture will be either toward the right 
hand, or toward. the left hand. In the figures already given, 
the aperture is on the right hand, and these shells are called 
dextrcd^ or right-handed, shells. 

Shells having the aperture on the left hand when held in 
the way above described, are called sinistral^ or left-handed, 
shells. Let the pupils here examine all the shells they have 
collected, holding each one with the spire pointing upward, 
and the aperture toward them, and separate the dextral 
shells from the sinistral shells. As sinistral shells are not 
so common as the other kind, it may be that none will be 
foimd in the first collections made by the pupils. The fol- 
lowing is a figure of a sinistral shell : 




Fie. 6.— SufXBTRAL Shbll. 



FSESH-WATEB SHELLS. 5 

6. If the surface of the Bhell be examined closely, deli- 
cate lines running from one Butm% to another will he seen, 
as in the figuree already given ; and, if the shell be looked at 
from the side of the apertm^, these lines will be foond run- 
ning parallel to the edge of the aperture, or Up, as it is 
called. 

These delicate lines are called liius of growth. 



rn. T.— SBamMe Lnm or Oiottb Kntam paiulil to thi Edsi ot 

The shell is increased in size by successive layers of 
shelly matter added to the borders of the aperture. In this 
way the shell grows. 

A clearer idea of the growth of a shell may be obtained 
by studying the nest figure (Fig. 8) : A representing in out- 
line a young shell ; B representing the full-grown shell in 
outline; and C representing the same outline as B, with a 
number of lines of growth represented apon it. 

If the shell were now to continue its growth a single half- 
turn, or whorl, the dotted lines would indicate the increased 
stages it would assume : a representing the first increase in 
size, h the next stage, and c the appearance of the shell when 
the additional half-whorl has been completed. 
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Fia. 8.— Illvbtbatdio tbs Inobxass nr Sm of a Bbxll, 

Among the lot of shells collected by the pupil, different- 
sized ones will be found. Now, if a number of these, of 
different sizes, can be picked out, provided they belong to the 
same kind, or species, it will be noticed that the apex of all 
of them will be the same ; but that the shells have increased 
in size at the aperture, and the aperture will be larger, and 
the larger shells will have more whorls than the smaller 
shells. The following figures illustrate four different ages 
of the same species of shell : 




Fig. 9.— iLLVSTBATiva DxmcBXNT Aaxs of thx bams Shxll— isk Lowrb Fiovbsb bbfbb- 

BKMTIHO A YlEW OF THB ShXLL FBOM THX APSX. 
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6. The axis aronnd which the whorls revolve is called 
the oolumeUa. This axis is generally solid, thongh in many 
shells it is hollow, as if the whorls had turned aronnd a 
shaft which had afterward heen withdrawn. This hollow 
axis loolcs like an opening in the base of the shell, as in 
the following figure : 



na. 10.— A Bkail-Sbkll um mii bilow. 

This opening is called the umbilicus. The apex of the 
shell is sometimes called the nucleus, becanse the shell com- 
mences to grow from this point. 



CHAPTER n. 

FBESH-WATEB SNAILS. 

7. The pnpils will now be required to bring in some live 
snails. Let them examine bits of bark, chips, or branches, 
found in ditches, or muddy brooks. Under lily-pads and 
on the stems and leaves of other aquatic plants, and on 
stones in rivers, snails of various kinds will be found. A 
dipper with the bottom perforated, or made into a sieve, and 
attached to a wooden handle four or five feet in length, will 
be found useful in scooping np the sand or mnd from the 
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bottom of riyers and ditches. The dirt having been sifted 
out, the shells and other objects will be left behind. The 
dipper may be made as in the figure. 




FZO. 11.— DZFPXB ATTAOHED TO A WOODXN HaITOLB FOS COLLBOTOfti SVAIU. 

Shells collected with the snails inside, and cleaned for 
the cabinet, are called live shells. They are always more 
fresh and perfect than dead shells. 

Having made the collection, the snails should be kept 
alive in a wide-mouthed jar, or bottle, care being taken not 
to have more than fifteen or twenty in a jar holding a quart 
of water. 

8. The pupils will have secured some of the following 
forms: 





Fia. 12.~FBB8H-WATE]t Snaiu. 
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The broad, creeping disk upon which the snail rests, and 
by which it retains its hold to the glass, is called the foot. 
The snail moves about, and crawls or glides slowly along, by 
means of the foot. 

The two little horns or feelers, in front, are called tentor 
desy and, as the snail moves, the tentacles are seen stretched 
out in front, and occasionally bending, as if the creature were 
feeling its way along. The eyes are seen at the base of the 
tentacles, as two minute black dots. The mouth is between 
the tentacles, and below. The part from which the tenta- 
cles spring is called the heady and the opposite end of the 
body is called the tadl. The surface upon which the snail 
rests is called the ventral or lower surface, and consequently 
that portion of the body which is above is called the dorsal 
surface, or back. 

9. The pupil, in watching the habits of the snails 
he has collected, will notice some of them crawling to 
the surface of the water to breathe air. The snail ac- 
complishes this by raising the outer edge of the aperture 
to the water^s edge, and then opening a little orifice in 
the side, through which the air enters to the simple lung 
within. 

This orifice is on the right side in those snails having 
dextral shells, and on the left side in those snails having sin- 
istral shells. 

Many kinds of snails which live in fresh water are called 
air-breathers, because they are forced to come to the surface 
of the water to breathe air. In doing so they first expel a 



10 



FIRST BOOK OF ZOOLOGY. 



bubble of air, which may be seen escaping from the breathing- 
orifice, as in Fig. 14, B. 



A Tlew from fhe back, 
or donal view. 



t s 




tide-view. 



m 



ventral view, 
1 1 Tentacles. 
e «, Eyes. 

&, Breathing-orifloe. 
ffif Mouth. 




Fio. 18.— A Fush-Watu Shail ubsn rBOM abots, fboii ths Bipb, ahd ntOM bblow. 
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These fresh-water air-breathing snails may be kept under 
water for many hours before life is extinct. 




Fio. 14.— Jar of water, in which is contained a namber of species of mdlasks, some of which 
have already been studied. Some of them are near the sorlhce, breathing air: A and O 
are taking in air; ^is Jast expelling a bubble of air from the ln;ng ; D is crawling on 
the Borlkce of the water; E, O^ and /, are in the act of crawling up, to get a fresh supply 
of air ; and J\& a water-breatiier, haying gills, but no long. 

10. Among the snails collected, there will probably be 

f omxd some which have a peculiar scale on the hinder part of 

2 
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the body. When flie Boail crawls, this B<!^e will be seen joat 
behind the shell, as in Fig. 15, o. 

This scale is called the op^-ouktm, and when the snail 
has contracted, or drawn within the shell, the opercolum is 
seen to fit the aperture of the shell, closing the shell as a 
stopper closes the mouth of a bottle. 



Nearly all sea-snails, that is, snails which live in salt-water, 
and many species of fresh-water snails, and also many snails 
which live in damp places on the land, and which are called 
land snails, have an opercnlum. 

When the snail has retired within the shell, the opercnlnm 
will look like this in the aperture of the shell (Fig. 16): 

A series of concentric lines will be seen marking the 
opercnlnm, and these are the Hnes of growth, the opercalnm 
growing aronnd the outer edge by BnccessiTe additions, 
just as the ehell grows by snccessive additions to its outer 
maigin. 



FBSSH-WATBB SSAOA. 



The Western rivers teem with species of snails haTing 
opercnls. 

11. If the pupil has any of these opereulated snails alive, 



Tn. 11— AraKmi or Bhiu ouwdi it OmocLmi, A 

he will observe that they do not come to the sarface to 
breatlie ur. 

Instead of a Imig, the snail has a cavity cont^ning an 
organ, or part, called the gill, by means of which it is capar 
ble of getting from the water what the air-breathing snail 
gets from the air, namely, oxt/gen.' 

It will be seen that the head of the snail is shaped differ^ 
ently in the snails having an opercnlum, the month being at 
the end of a sort of proboscis or rostrum. {See Fig, 15.) 
The shells, too, are, as a general thing, more sohd. 

12. Thus far the pnpils have examined those snails which 
live in fresh water. Some of these were air-breathers, and 
came to the surface of the water at intervals to breathe 
air. He has studied other fresh-water anails which did not 
breathe air directly, bat performed this function by means of 

' If the cIkw is fufflciestlj advmaed, the teacher maj here eiplain aboat 
otygea and That the blood requires, and gets b; reepiratioD. 
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an organ called the gill. And these snails were opercnlated, 
that is, they all possessed a little scale called the operculum, 
which closed the aperture tightly when the snail contracted 
within the shell. 

He has also learned that the shells grow in size by suc- 
cessive additions of limy matter deposited around the free 
border of the aperture, and that the delicate lines which 
mark the surface of the sheD, and which run parallel to the 
outer edge of the aperture, are lines of accretion, or lines of 
growth. 



CHAPTEE in. 

LAND SNAILS. 

13. There are many other species of snails which live 
out of the water altogether, though they are generally found 
in damp places; and these are called land snails, because 
they live on the land. 

Let the pupils now endeavor to collect some land snails. 
By going to some hard-wood grove of maple, beech, or oak, 
and turning over the layers of dead leaves, old rotten logs, 
or pieces of bark, they will be sure to find some specimens 
of land snails. Some of them do not grow larger than a 
pin's-head, others have shells as large as a hickory-nut. 

They are generally light brown in color, and the smaller 
species often have highly-polished or shiny shells. 

The spire is generally depressed or flattened. In many, 
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tiie border of the aperture has a thickened white rim, or lip, 
as it is called. Such a coUection having been made, the 
pupil will find among them some of the following kinds : 




Fze. 17.— Thb Shxllb or Lakd Snails. 



14. The snail, as it crawls along, leaves a slimy trail af- 
ter it. This trail consists of a fluid, which flows not only 
from the creeping disk, but also from the surface of the 
body. If the back of the snail is irritated by a sharp- 
pointed stick, a little whitish mass of this fluid, or mucus, 
will adhere to the end of the stick. 

By placing the snail on a piece of glass, and allowing it 
to adhere and crawl on it, a good view may be obtained of 
the peculiar movements of this creeping disk, by looking 
through the glass from the other side. 

The breathing aperture may be found just within the 
aperture of the shell, and on the right side in those shells 
having dextral shells. This orifice will be seen opening and 
closing at intervals. (51?^ Fig. 18, J.) 

15. In the fresh-water snails there are but two tentacles 
upon the head. In the land snails, with few exceptions, the 
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tentadeB are four in nam.1:>er, a larger and a smaller pair. 
The lai^er tentacles are called the superior tentacles; the 



Fio. 1&— Lud-Bhaiu ouwuna.— fi, Bntllilne Orldce ; t t, BnperioT Teatacloi ; t t, Islh- 
il« Tentacles; m, MoDth. 

smaller ones, often appearing ae mere tubercles, are called the 
mferior tentacles. (See Fig. IS, a t and i t.) As the snail 
crawls, the superior tentacles are seen in constant motion, as 
if the creature were feeling its way ahont with them. 

Tim eyes, instead of being at the base of the tentacles, as 
in the fresh-water snails, are f otmd at the tip of the superior 
tentacles. 

In the land snails, with few exceptions, the tentacles can 
be drawn within the head, uid for this reason they are ^o 
called retraoiHe tentacles. 

While the snail is crawling, if the pupil touch the end 
of the tentacle with his finger, or, even if he alarm the snail 
by a sudden jar, he will see the tentacles quickly withdraw 
within the head. The pupil will observe that the bulbous 
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end containing the eye disappears first, as the end of a glove- 
finger disappears, when the hand is withdrawn from the 
glove, the glove turning wrong-side out. 





A B 

TsA. 19.~8iiowi]ro Shazl wxni THnAOLn txoihisaD^ A; asd Tbraoub pwytmuDiis B, 

16. Something may now be learned as to the way in 
which land snails eat. 

By placing before the snail the tender leaves of lettuce or 
cabbage, the head will be seen to move, as little mouthfuls 
of the leaf are bitten ofE. The upper lip of the mouth is fur- 
nished with a hardened piece called the huocdl plate. It is 
crescent-shaped, and, in some species, the cutting edge is 
notched, so that it acts like an upper set of teeth, by which 
it bites off little bits of the leaf. The floor of the mouth 
is lined with a membrane having upon it rows of little points 
which enable the snail to rasp and grind its food. These parts 




Fio. 20^— Jaw, ox Bttooal Plate of a Land Bkail, bioblt xagnifexd.— (It can Jast be 

difloerned without a microwope.) 

are so minute that they can be studied only by the aid of a 
microscope. If the pupil will watch his fresh-water snail 
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as it crawls around on the sides of the jar, he will see at in- 
tervals the mouth open, and a glistening tongue appear, as 
the snail laps up the scum which forms upon the surface of 
the glass. 

Note for Teachers and Pupils. — ^Let the teacher here explain to the pupils 
what is mean by an objects being magnified. 

If the teacher has a common magnifying-glass, let each pupil in turn observe 
its magnifying effect, by looking at a common house-fly, or the printed page of a 
book. If a microscope can be shown to the class, it will be better stilL 

Let it be explained, also, what is meant by an object^s being enlarged two, 
or three, or more times. To be enlarged two or three times, is to make the 
object two or three times as long as it was before, and of proportional size. 

In pictures of large animals, in the picture of an elephant, for example, the 
object has often to be reduced in size in the figure. 

In representations of very small animals, however, the figure has to be en- 
larged in order to show parts plainly that could not otherwise be seen. Thus 
in Fig. 24, b and e are greatly enlarged, to show the little smul within the 

egg. 

17. In searching for snails, the pupil will come across 
snail-like animals, which have no coiled shells on their backs. 
Let the pupil examine the under side of damp boards or 
plank walks in gardens, and he will be sure to find them. 

They are very common in old gardens in cities. These 




Fig. 21.~A Slug conteactkd. 



creatures will be found clinging to the board or upon the 
ground, and will present this appearance (Fig. 21). Soon, 
however, they will stretch out their tentacles, and commence 
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crawling, and theu their resemblance to the shell-bearing 
snails will be seen at once. 

Instead of having a coiled shell into which they can 
retreat when alarmed, they have a little limy scale imbedded 
in a portion of the back, called the moMfUle. The breathing- 
orifice is on the right side of the body, and the tentacles, 
mouth-parts, creeping disk, and other features, are quite 
similar to the land snails already studied. 




Fn. 82.«-A KjgoD Labd Sir ail, ox Slug, tullt szpjirDn>.~a, Mantle; 6, Breathlng- 

Orifloe. 



18. On the approach of winter, land snails bury them- 
selves in the ground, and those that have shells retire within 
the shell as far as possible, and close the aperture of the shell 
with a film of the mucus which the body secretes so abun- 
dantly. In this condition they remain dormant until re- 
vived by the warm weather of spring. 

if the pupil will collect a number of snails in the early 
spring, and keep them confined in a box, with earth, damp 
leaves, or bits of rotten wood or bark, the snails in the course of 
a few weeks will lay a number of little eggs. These eggs will 
be white and round, about the size of a pin's-head. By care- 
ful tending, that is, by keeping the leaves slightly moist, the 
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^gs will hatch out tiny snails, and these will attain half 
their mature size the first season. 




b 

Fig. 28.—^ Eggs of Land Snail; h, Yonng Snail Just hatched; <^ Yoong Snail somewhat 

advanoed: & and are magnified. 



19. If the pupil will also collect a lot of fresh-water air- 
breathing snails, and keep them alive, they will deposit their 
eggs upon the sides of the glass jar in which they are con- 
fined. These eggs will be oval in shape, and transparent, 
and will be inclosed in a transparent, jelly-like substance. Fig. 
14, Hy represents the appearance of a cluster of these eggs. 

Fig. 24 shows a cluster of eggs with the appearance of 
two eggs highly magnified, showing the young snails as they 
appear within the egg. 



Fia. 24.-^, Cluster of Eggs of a Fresh-Water Snail; h, c, Eggs enlarged, showing the 

yomig Snails within the Eggs. 

With the aid of a magnifying-glass, the eggs may be 
watched from day to day, and the young snail can be seen in 
its various stages of growth. 
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20. If a land-snail is taken out of its shell (and this can 
be done if boiling water be first poured upon it, and then 
with a pin the animal can be readily picked out), it will pre- 
sent this appearance (Fig, 25) : 




Fte. 85.— Lakd Snail xsmoyxd fbom m Shxll.— fn, lianlte. 

The portion contained within the shell presents the 
same general appearance as the shell itself. A free border, 
or collar, is seen which corresponds to the aperture of the 
shell. This border is called the mantley and is a character- 
istic feature of all the snails thus far studied. It is the edge 
of the mantle which deposits the successive layers of the 
shell, and increases its size. In the slug, there is only the 
limy scale ; this is buried in the mantle, which is plainly seen 
oovering a portion of the back, like a shield (Fig. 22, a). 



CHAPTEU IV. 

SEA SNAILS. 

21. Classes that live near the sea-coast may now study 
the marine, or salt-water snails. These may be collected 
alive at low tide, upon rocks, or under the sea-weed. By 
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examining poolfi left at low tide, many little sea snails may 
be seen creeping about. 

A good place to collect dead shells may be found along 
an exposed beach. After a violent storm, when the waves 
have been running high, a great many animals are thrown 
up from the sea, and among them many shells may be 
secured. 

The following will be some of the shells collected : 









Fio. 26.— Common Sba Snaxlb. 



22. With very few exceptions, all sea snails are water- 
breathers ; that is, they are furnished with gills, instead of a 
simple lung. Most of them are operculated. 

In the shells collected the pupil will find two well- 
marked groups. 

In the two lower right-hand figures of Fig. 26, the 
shells have an aperture with a continuous border ; that is. 
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there is no notch, or fold, in it. In the three upper figures 
there is a notch, or fold, in the base of the aperture. 




Fio. ST.— Ahku. sBOWiNa LoNa Cakal. 

This notch is called the carKd^ and in some species it is 
very short, while in other species it is very long, as in Fig. 
27. 

The mantle of the animal is prolonged in a fold which 
occupies this canal, and is called the %iphon. Through this 
fold or dphon the water finds access to the gills. (Fig. 28 
shows another species. The siphon is seen as a fold of the 
mantle running into the canal of the shell.) 

23. A very common species, found in the greatest abun- 
dance from Maine to Florida, on mud-flats, will give a good 
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illustration of the uses of the siphon. In this particular 
species, the siphon is much longer than the canal, and, when 
the snail is crawling, the siphon is bent upward. As the 



m 




JhQ. 38.— A Ska Shail bxsn vbom bs^w.— e, Eye; m, Mouth; «, Siplum. 

habit of this species is to crawl along partly buried in the 
mud, the siphon, projecting above the level of the mud, 
conducts the pure sea-water to the gills of the snail below. 
Fig. 29 illustrates the appearance of this snail : 




A B c 

Fio. 29.— J, fhe Bnafl crawling upon the Snrfiice of the Mud ; B^ the same slightly buried; (7, 
the same nearly buxled ; the Siphon, 8, is seen cnrred upward. 
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Such shells are called canaliculated shells. 

The apertiire of the shell is said to be entire^ when it 
does not possess this notch, or canal. Let the pnpil separate 
the shells having the aperture entire, from those shells hav- 
ing a canal. 

These diSerences in the shell, as slight as they appear, 
are accompanied by corresponding diSerences in the charac- 
ter and habits of the animal. 

Those snails having the aperture of the shell entire are 
with few exceptions vegetable-feeders, while those having a 
canal to the shell are flesh-feeders. The mouth-parts, and 
opercula, too, are different in the two groups. 

24. Other shells will be found differing greatly in appear- 
ance from those thus far studied. One of these is repre- 
sented in the lower left-hand comer of Fig. 26. 

Another species, called the limpet, looks like this (Fig. 
30) : 




Fig. 80.— Shxll or LmFsr. 



These shells will be found sticking with great tenacity to 
the rocks, and some skill and force will be required to 
remove them. This can be done by using the large blade 
of a pocket-knife, and suddenly scraping them from the rock. 
If they are then placed in a saucer of water, with the shell 
downward, the animal within will be found to have the 
broad, creeping disk, head, tentacles, and other parts, peculiar 
to the snails already studied. 
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25. Id the laDd snails, it was learned that the egga 
were deposited separately, while m the air-breathing, fresh- 
water snails the eggs were inclosed in a gelatinoos substance. 
Among the sea snaiis there are many species which inclose 
their eggs in pods, or capsnles, as is also the case in the oper- 
ctilated fresh-water snails. Sometimes the capsnlee are 
clustered together in lai^ masses, as in those of the whelk 
(Eig.31): 




In others thej are united in a long string (Fig. i 




• Jn. SI.— ^kPortlworB StrbiE of Egs-Cwmlw- b«°i ■ ^lorlOi Bpedei oT Wlulk ■Imllu 
b> Tig. 2T; A ■ ilugle CopunlB aapinted, showliig Outlet, d, thnneti vUch the Toung 
BBcape; f, Stem. 



The common cockle sticks its separate ^[^capsules side 
by dde upon the rock (Fig. 33). 
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The beach-cockle deposits its eggs in a broad ribbon of 
sand cemented together, looking very much like a deep 
saucer, with the bottom broken out, and the side separated 
(Fig. 34). 




Fi«. 88.— £ea-CAP8VUB8 or GoimoH Cockue.— (A shell of the anhnal whkh prodnoes fheae 
eapsuIeB is shown in the upper central flgnre of F\g. 2C) 

This ribbon is elastic when wet, and, if it is held up to 
the light, the little transparent spaces for the eggs will be 
plainly seen. 




Tm, 84.— EcMhBDBON or Bxaoh-Cooklb (the shell of which Is shown in the lower 

right-hand Ugaxe of F\g. 2Q. 



CHAPTER V. 

FBESH-WATEB MUSSELS. 



26. LooKmo over our fresh-water shells again, we find 
many that are known as mussels, or clams. These shells are 
common everywhere along the margins of brooks, rivers, and 
lakes. The musk-rats feed upon the soft parts of the mus- 
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eels, and the remaiiis of their feasts may be found in piles of 
mnssel-Bhells all along the shores of certain lakes. 

The shell is composed of two pieces, or valveSf as they are 
called. The two valves are often found united, and the 
margin along whidi they are connected is called the hinge- 
marffifiy because the shells hinge at this part, and will open 
and shut as a door swings upon its hinges. 

Let the pupil now examine a perfect fresh-water mussel, 
that is, a mussel in which the valves are united in this way, 
and he will observe that they are connected by a brownish 
substance, which is quite elastic when the shell is alive, but 
becomes brittle when dried. The shells are held together as 
the covers of a book are held together by the back. 

This substance is called the ligament^ and the position of 
this ligament will indicate the back, or dorsal region of the 
animal. 

27. On the outside of the shell will be seen fine lines, 
which run nearly parallel to the outside margin of the shell. 
These lines are the li/nes of growth^ and indicate the succes- 
sive stages of growth, or increase of the shell, as in the lines 
of growth in the snail-sheU already studied, and, as in the 
snails, the growth takes place at the margin of the shells. 

The pupil may trace these concentric lines back, as they 
grow smaller and smaller, till they are found to start from 
one point at the back of the shell, and this point is called 
the leak or urribone. It represents the starting-point in the 
growth of the shell. In fresh-water mussels, the umbones 
are eaten away by some corrosive action of the water, and the 
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early stages in the growth of the shell are nsuallj destroyed. 
In very, young shells, however, the early stages can be plainly 



seen. 



Bade or donal reglaa. 




Ventral region. 



ViG. 8&— A Fbbsb-Watbb MirssvL.— 2, Ligament; % Umlxme;/ Foot; «b^ Ezcoxrent 

Orifice; in., Ineorrent Orifice. 



28. The ligament is always behind the beak, or nmbone, 
in fresh-water mussels, and in nearly all Mvalve shells (so 
called, because they have two valves or pieces, while the 
snail-shells are sometimes called univalve shells, because they 
have but one valve or piece). 

Let the pupil now hold a perfect mussel-shell in his hand 
(that is, a mussel in which both valves are together, and 
united across the back), with the ligament uppermost, and the 
umbone away from him, or beyond the ligament, and the 
valve on his left hand is the one which covers the left side 
of the animal, while the valve on his right hand covers the 
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right side of the animal. The forward end will be the end 
away from him, and the hinder end will, of course, be the 
end toward him. {See Fig. 35.) 

29. Let the pupils now endeavor to collect some fresh- 
water mussels alive. These may be found partly buried in 
the sand or mud of rivers and lakes. As they crawl along 
partly buried in this way, they plough up the sand, leaving a 
well-marked furrow or groove behind them. Every boy 
that goes in bathing is familiar with the peculiar furrow left 
by the fresh-water mussel. By following such a furrow, the 
mussel that made it will soon be found. 

Fig. 36 represents the appearance of a common fresh- 
water mussel in the act of crawling. 




Fia. 86.— SHOwxKa PosinoH of Mitssil whin obawlxno.-/, foot burled below fhe stullMe 
of the Band «. Above the line « is supposed to be water, the line representing the bottom 
of a lake or river. 

Having collected a few in this way, they may be placed 
in a large, shallow pan of water, and allowed to remain quiet 
for a while. Gradually the shells will open a little, and from 
the hinder end a curious fringed border appears ; on examin- 
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ing this border, it wUl soon be found that the border forms 
two openings which lead into the shell. 

Great care must be taken not to jar the dish, or the table 
upon which it rests. The slightest jar will cause the shells to 
instantly close. If some indigo, or small particles of dirt, be 
dropped near these Openings, currents of water will be re- 
vealed ; one current pouring out of the opening nearest the 
back, and another current as steadily pouring in at the other 
opening. The opening into which the current of water is 
passing is called the incurrent orifice^ while the orifice from 
which a current of water is passing is called the eoccurrent 
orifice. The incurrent orifice is sometimes called the respira- 
tory orifice, because the water is taken in to supply the gills 
which are the breathing or respiratory organs of the mussel, 
and this orifice corresponds to the siphon in the sea snails 
already studied. This current of water, besides bathing the 
gills, also carries in minute particles which are fioating in 
the water, and these particles are conducted to the mouth of 
the creature, and swallowed as food. At the opposite end of 
the shell from these openings, or the forward end, a whitish, 
fieshy mass will be seen protruding. This is called the foot^ 
and corresponds to the foot or creeping disk in the snails. 
By means of this foot the mussel crawls through the sand. 

The mouth is above the foot, and always concealed within 
the shell. In Fig. 35 the foot is shown, and also the excur- 
rent and incurrent orifices, with arrows drawn to indicate 
the direction of the currents of water. 

In some small species of fresh-water bivalves, the excur- 
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rent and incurrent orifices are prolonged into tubeS) and then 
they are called aipJums. Fig. 87 repreeents a common spe- 
cies which the pupils may find in mnddy brooks and ditches. 
By nsing the long-handled dipper already described, some 
specimens will probably be found. They are quite small, 
from the size of a pea to that of a nickel cent. The siphonal 
tubes are prominent, and the foot is long and tongue-shaped, 
and the animal is very active in crawling about ; also in Fig. 
14 K and L represent two of these small animals with bi- 
valve shells. 




Fio. 87. 



80. The foot of these creatures resembles in appearance 
and action the foot of a fresh-water snail, only there is no 
mouth nor tentacles in sight. These parts are present, but 
are never protruded beyond the edges of the shell. 

When the fresh-water mussels are partly open, a fleshy 
border will be seen just within the edges of the shell, and 
this is the border of the numde^ and corresponds to the same 
parts described in the snails ; the fringed membrane which 
formed the openings at the hinder part of the mussel is 
simply a continuation of the mantle. 

When the shells are removed from the animal, the mantle 
will be found lining the shells, just as the blank pages line 
the inside of a book-cover. While the edge of the man- 
tle deposits the successive layers, which increase the size of 
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the shell, the entire surface of the mantle deposits the pearly 
substance which lines the inner surface of the shells, and 
which is so characteristic of the fresh-water mussels. 

31. Grains of sand, or other particles, getting in between 
the matitle and the shell, are soon covered by layers of pearly 
substance poured out, or secreted by the mantle. In this way 
pearls are formed. 

If pearls are broken open, a centre, or nucleus, will be 
found, consisting of some particle of dirt or sand, or some 
substance which had found its way by accident between the 
mantle and the shell, and around which the pearly matter 
has been formed in successive layers. 

A «0 O "^ O ^ 

Aa. 88.— Jl, Pearly ConcretioDa from a Fresh-water Mussel; JS, PeaHy Concretions from 

the Common Oyster. 

In shells having a brilliant, pearly lining, or nacre^ the 
pearls obtained are oftentimes very beautiful, and from cer- 
tain Oriental species living in the sea, called Avieulaj the 
most brilliant pearls of commerce are obtained. If, on the 
other hand, the nacre lining the shell is dull white, as in the 
common oyster, the pearls are dull-colored. This kind of 
pearls is often found in oysters. 

The Chinese have long been familiar with the art of 
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making artificial pearls. By partly opening the shells of 
certain fresh-water mussels, and inserting little lead images, 
or other objects, between the mantle and the shell, the ob- 
jects soon become covered with a natural layer of pearl. 
• 32. Let the pupils now study the markings on the inner 
surface of the shells of river-mussels. The shells of these 
creatures are called valveSy and are spoken of as right or 
left valves, according to whether they are on the right or left 
side of the animal. 

Certain ridges and prominences will be seen at the hinge, 
and, when the valves are carefully joined, the ridges in one 
valve wiU correspond to grooves in the other valve. These 
ridges are called teeth. The short ones, near the beak, are 
called cardmaL teethy and the long ones lateral teeth. The 
margin upon which they occur is called the him^ge-ma/tgin^ for 
it is upon this margin that the valves turn. {See Fig. 39.) 

33. Certain scars, or impressions, will be found marking 
the inside of the valves, and these indicate the point of the 
attachment of certain muscles to move the valves, and to 
enable the animal to protrude its foot, and crawl along. 

These marks are hence caUed* muscular marks, or mu%aur 
lar impressions^ and will be found to correspond in the right 
and left valves. 

An irregular, round impression will be found at each 
end of the valve, near the hinge-margin. These show where 
the muscles are attached to move and close the valves, 
and hold them firmly together. The muscles run directly 
across from one valve to the other; and, to open a live 
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mussel, it is necessary to pass a sharp blade between 
the valves, and cut through the muscles, before the valves 
will open. These muscles are called the adductor musdeSy 
and the scars or impressions on the valves are called the 
adductcyr muscular impresdons. Very close to the adductor 
muscular impressions are seen smaller impressions, and these 
indicate where the muscles are attached which move the 
foot. These muscles are called the jpedal muscles, and the 
impressions are called the pedal muscular impressions. One 
occurs just behind the anterior adductor impression ; the 
other will be foimd just above, and in front of the posterior 
adductor impression. 




Fio. 89.— Thi Bigbt Valts of ▲ Fkksh-Watbb Mubsbl.--«, Cardinal Teeth ; Z, Lateral Tooth ; 
M,Ligaineiit; oo, Anterior Addactor Impression; pa, Posterior Adductor Impression; 
ap^ Anterior Pedal MoBciilar Impression ; pp. Posterior Pedal Mnscnlar Impression ; 
p, PklUal line. 

34. Besides these marks, the pupil will see a delicate 

and slightly irregular line running from the anterior to the 

3 
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posterior muficiilar impression, jnst inside, and nearly parallel 
with the lower margin of the shell. This line is called the 
paUial Uney and indicates where the mantle is attached to 
the shell. It will be observed that, when the soft parts are 
removed from the shell, the mantle ^adheres along this line. 

The pupil may mark with a pen the names of all the 
parts upon the inside of a fresh-water mussel. 

35. When the mussel is opened by separating the ad* 
ductor muscles with a knife, the valves slowly open, and 
after the animal is removed the valves still remain partly 
open, and, to preserve them closed, a string has to be tied 
around them, and in this condition, if the ligament is allowed 
to dry, the valves will then remain closed. From this it is 
evident that the ligament acts upon the valves to draw them 
apart. To keep them closed, then, the^ animal must continu- 
ally exert itseK by contracting the adductor muscles ; and it 
will be found that, when these creatures are left in the water, 
undisturbed for a while, the muscles relax, and the valves 
partly open. The ligament is elastic, and is stretched as it 
were from one valve to the other, over the back. A possible 
imitation of the action might be represented by partly open- 
ing the lids of a book, and then gluing across the back, from 
one lid to the other, a sheet of elastic rubber. If, now, the 
lids are tightly closed, the rubber is drawn out, or stretched 
across the back, and, if allowed to regain its elasticity, the 
lids are pulled apart. This experiment illustrates the way in 
which the ligament acts in those shells which have the liga- 
ment extemaL 
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OLAHB, UDSSELB, AND OYeTEBS. 

36. Classes having access to salt-water may now collect 
some bivalves, as the clam, mussel, razor-shell, oyster, scal- 
lop, and whatever specieB they can find helonging to this 
gronp. A much greater variety of forms will he foond in 
salt-water than in fresh-water. 

Among some of the common species met with will be 
the following : 




In these the pnpil may trace out the mnBcular impres- 
sions within the shell, and make out their relations to the 
impressionB already described in the fresh-water mossels. 
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Many differences will be observed in the muscular impres- 
sions, as well as in the teeth and the position of the ligament. 

37. As the common soft-shelled clam can be readily pro- 
cured in the fish-markets, it will be well to study this first. 
A live specimen must be selected, and, as the clam lives a 
long time after it has been removed from the water, there 
will be no difficulty in getting the proper specimen. Upon 
pressing the valves together, or touching the soft parts which 
partly protrude from between the valves, the creature will 
show signs of life, by drawing the shells closer together, and 
this will assure the pupil that the specimen is alive. 

A large shallow dish may now be filled with pure sea- 
water, and in this the clam may be placed. After it has 
remained there for some time, the black end of the animal, 
which is incorrectly called the head, will slowly stretch out 
from between the shells, and the end, unfolding, will display 
two openings fringed with little feelers {see Fig. 42). Into 
one of these openings the water will be seen flowing, while 
from the other a current of water will be seen issuing. And 
these openings are called the mcurrent and excurrent orifices^ 
and correspond to similar parts previously described in the 
fresh-water mussels. In the latter creature, the openings 
just protruded beyond the edge of the shell. In some very 
small species of fresh-water bivalves, one of which was shown 
in Fig. 37, these openings were at the end of separate tubes. 
In the clam the tubes are inclosed in one sheath. 

The clam can protrude this apparatus to a length equal- 
ing that of the shell two or three times. As the clam lives 
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buried at some depth below the level of the aand or mud in 
which it occurs, it requires this extension of the openings 
to reach the sea-water above. 

38. It may be stated here, that the current of water 
passing into the general cavity of the shell not only carries 
the particle of food upon which the animal subsists, but con- 
veys the pure sea-water to the gills by which it breathes, 
the gills performing the same function for animals living 
immersed in water as the lungs perform for creatures which 
breathe air. All bivalves depend upon currents of water to 
convey their food to them. 

While, in the snails, the creatures could go in quest of 
food, having the power of protruding the head from the 
shell, and mouths furnished with means to bite or rasp 
their food, in the bivalves there is really no head, they hav- 
ing only a little opening directly under the anterior adductor 
muscle, which is the mouth, and into which the particles of 
food are swept. 

39. If, now, the clam is opened, the edges of the mantle 
will be found much thickened and united, except a small slit 
near the front edge, through which can be protruded a small, 
tongue-shaped foot. Powerful muscles will be found at the 
base of the united siphons or tubes, which move the siphons 
in and out, and an examination of the inside of the shell will 
show where these muscles are attached. The pallial line, 
instead of running directly from the anterior adductor im- 
pression to the posterior one, is abruptly curved back, and 
forms a sharp bend, as it turns again to the posterior ad- 
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ductor impressioii. This mark is called the sinWj andt when 
present, indicates the siphons to be of considerable size, and 
having large mnsdes to contract them. 

Let these parts now be marked with a pen upon the shell, 
with their names, as in Fig. 41 : 




Fm. 41.— Skiht Valvs or a Commoh Clax.— 2, Ligament; oo, Anterior Adductor 
Impression ; po^ Posterior Adductor Impression. 

40. On opening the shell, a prominent tooth is seen 
on one of the yalves near the hinge, while on the other 
valve there is a corresponding depression. "When the valves 
are forcibly separated, there is left attached either to the 
tooth, or in the depression, a substance resembling dark glue, 
very elastic, and firmly attached to its place. This is the 
ligament, and is said to be internal^ because it is within the 
shell, and not upon the outside, as in the fresh-water mussel 
already studied. When the animal closes the shell by con- 
tracting the adductors, the ligament is compressed, by being 
jammed between the prominent tooth, and the recess into 
which it fits. When the muscles relax, the ligament expands. 
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A f 

Fxo. 42.— GomfOK Clam.— X, showing Sipbons partly extended: <«., Incnirent Orifice: tm^ 
Ezcarrent Orifice; f. Foot; m^ thickened Dorder of the Mantle projecting beyond the 
Edge of the Shell ; B^ Siphons, greatly extended. (The shell is not Wkwn, as there was 
no room for it on the page.) The ezcnrrent and Incnrrent orifices are more open than in A, 
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forcing the valves apart. The way in which it works might 
be illustrated by placing a piece of rubber inside the hinge 
of a door : when the door is closed, the rubber is squeezed, 
and the tendency would, of course, be for the rubber, in ex- 
panding, to again push the door open. 

That it requires a continual elBEort for the clam to keep 
the valves closed, is seen in the fact that when these 
creatures are allowed to remain out of water for a while, as 
they are when in the market, the muscles get tired, and, 
relaxing, the shells partly open. If, now, the basket or 
barrel which they are in be suddenly shaken, the clams 
will as suddenly close, and a rustling sound is made, as the 
water is forced out from the gill-cavity, the water often 
squirting out in a stream from the siphonal openings. 

41. On the rocks between high and low water mark, and 
adhering to the piles of the wharves, may be found clusters of 
mussels which are attached to these places, and to each other, 
by little brown threads which issue from between the valves 
below. These threads are made at will by the creature, one 
by one, and are fastened to the substances upon which they 
rest. The threads are called hyssal-ihreddsj and, combined, 
form the hysaus. 

If the pupils will collect a number of these salt-water 
mussels, and place them in a large glass dish or bowl filled 
with salt-water, they may watch the mussels as the creatures 
attach themselves to the sides of the vessel. In the figure, 
the byssus is seen like threads coming from between the 
valves below, with their ends adhering to the stone. 
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42. Fig. 44 represents an animal whieli is often thrown 
up on beaches along the coasts, after a storm, and whose shells 
are rery common in the debris thrown np by the waves. 




Fig. 48.— a Mussbl attachsd to a Sioxra bt m Btbsus.— >; Foot 

These shells are very thin and delicate, and the valves are 
strengthened by a thickened rib which runs from the umbone 
toward the lower margin of the valve within. 

In this species the siphons are united, the mantle projects 
beyond the edge of the valves, and the foot is flattened in 
front. 




Fio. 4i.— I, IJgament ; /, Foot ; in, Mantle ; «, SiphonB ; eos., Ezcmrent Orlfloe ; iii^ Incnmait 

Orifice. 

Fig. 45 represents another animal which is often abun- 
dant on the sea-beach. In this species the siphonal tubes are 
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Beparate, instead of being united. This figure represents the 
tubes only partly extended. They can be thrown out to 
twice the length represented in the figure. 



incurrent or branehdal 
1 Hphon, 




Fm. 45. 



Another species quite similar to the above occurs on mud 
flats^ in company with the common clam. If this be col- 
lected alive and placed in sea-water, the creature will extend 
its siphons, which are long and separate, and bend them in 
coils. 

4:3. The pupils have now learned, among other things, 
a few features regarding the position which certain bivalves 
occupy in their native haunts : the fresh-water mussel creep- 
i^^g lt)y means of its foot through the mud or sand in which 
it lives partly buried; the salt-water mussel, fastened to 
some place by means of its byssus; the soft-shelled clam, 
lying buried at some depth in the mud, and extending its 
siphons to conduct the pure sea-water to its gills, and food to 
its mouth. 

Oysters differ considerably from the animals to which 
they are related, and which have just been studied. Instead 
of being free, they grow attached by one of their valves to 
the rock or to one another ; clusters of a dozen or more in- 
dividuals of different sizes are found growing, attached to one 
another, and forming large masses. At any oyster-market 
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the pupil may get these clusters. Before studying a sped- 
men, it is best to clean the shell thoroughly in w^ter by means 
of a coarse brush. 

44. Instead of having two adductor muscles, it has but 
one (though this muscle, it seems, is composed of. two ele- 
ments). A single dark-purple mark on the inside of each 
valye shows the point of attachment of the adductor muscle. 
When the oyster is opened, the mantle conti-acts somewhat, 
so that the edge of the mantle is some way from the miargin 
of the shell, as shown in Fig. 47. . 

The left valve i& the larger,, and is the one that becomes 
attached ; the right valve is flattened, and somewhat smaller. 
The majitle has its margins free ; that is, the edges are not 
united to in the common clam, where they are not only 
tmited, but greatly thickened.. Neither is the mantle pro- 
loi^ed into siphons as in other species; consequently, the 
water flows in at one portion of the shell, and pours out of 
another portion, not. being definitely conducted by special 
channels, as in those forms heretofore given. The oyster 
can be readily studied, as specimens may be got in almost 
^very village in th^ country. 

In looking over canned specimens, be sure and pick out a 
large one,, and one that does not appear to be mutilated, as 
they frequently are when taken out of the shell by the oys- 
terman, or jammed, as they often are in packing. 

To those who can get theln alive, it is well to have the 
(^sterman open the specimen, being sure that he remoyes 
the larger valve, leaving the oyster attached, and resting in 
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the smaller and flat valve, whidi is the right one. To ex- 
amine it properly, the specimen mnst be placed in a deep 
saucer filled with water, so as to cover it. A number of 
rinsings will remove the mucus with which the oyster is 
covered, and this wiU render the specimen in better con- 
dition to examine. In placing it under water in this way, 
the membranes float apart, and can be more readily 
studied. 

45. The adductor muscle is near the middle of the animal. 
It is composed of two elements, one half being of a glistening 
white, and the other half being grayish. Immediately ad- 
joining the grayish portion of the muscle, a translucent space 
is seen, and this space contains the heart, composed of a body 
constricted in the centre, as if a tube had been tied in the 
middle by a string. This is the heart proper, and in sped- 
mens freshly opened the heart may be seen to slowly pulsate, 
or beat. 

By raising the mantle, the gills will be seen as delicate, 
leaf -like membranes. 

At the smaller end of the oyster, and that portion which 
comes next to the beak or hinge, the mouth will be found 
having on each side two delicate lappets, which are called the 
palpi. It will be difficult to find the mouth, and some pa- 
tience will be demanded in lifting the mantle and following 
up between the palpi to where the mouth is. 

The dark region just back of the mouth contains the 
stomach and liver ; the dark or blackish portion, showing so 
conspicuously in cooked specimens, being the liver. 
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Bj referring to the ftccompanying figures, these parts 
may be readily made oot : 



Tia. tf.— Onm i' 




16. The pupil will now recall some characters in common 
between the snails, and the mnssels, clams, and ojBters, thus 
far studied in these lessons, namely : they all have the body 
protected by a limy shell (except the sing), this shell either 
composed of one piece, as in the snails, or of two pieces or 
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Fi». 48.— RxoB* Yalti ov as Otbtsb, the Dulc Semidreolar liaik near fhe Middle of 
the Shell being the Adductor Mnscolar Impreeaion, the Fallial Line showing lUntlj. 



valves, as in the clams, mussels, and oysters. All of them 
increase the size of their shells, or grow, by the addition of 
layers of shell-material to the edge of the apertm^, or the 
margins of their valves, and these layers are indicated by 
delicate lines seen on the outside of the shell, and called lines 
of growth. They all, excepting the oyster and a few other 
forms, have the creeping disk or foot. In the snails, this is 
broad and flat ; in the mussel and clam the foot is flattened 
sideways, and variously shaped. In the snails, the creature 
projects, with the foot, a head furnished with feelers, or ten- 
tacles, and the mouth is possessed of certain hard parts by 
which food can be eaten. In the mussels and clams there is no 
definite head, the mouth being hidden away within the mantle, 
and the creature projecting, from the forward end, only the 
foot. In all of these animals thus far studied there is a cavity 
within, containing thQ gills to which water has access, or else 
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there is a simple lung, as in the air-breathing snails. These, 
with the cuttle-fishes, which we will not consider here, be- 
long to a branch of the Animal Kingdom called Mollusca. 



CHAPTER Vn. 

COLLECTING INSECTS. 

47. These lessons, as well as the preceding ones, are 
prepared with the understanding that the pupils shall, so far 
as possible, make a collection of the species of animals stud- 
ied. In fact, it is a part of the lesson to know how and 
where to collect, and above all to know how to preserve the 
specimens collected. To enable the pupils to do this, the 
briefest directions are given for the making of boxes, nets, 
etc., accompanied with the simplest methods of preserving 
the collections made. 

In many cases the directions given are bj no means the 
professional methods; thus the pupils are directed to use 
common pins for insects, while the professional collector uses 
only the true insect-pins made expressly for the purpose, but* 
these are oftentimes difficult to procure, and are more expen- 
sive than the common ones. 

In commencing these lessons, each pupil must first be 
provided with a number of common pins, and a box prop- 
erly arranged in which to pin the insects collected. 

Some holiday afternoon, or an hour before school-time 
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in the morning, may be spent in making the ineect-boxes. 
These may be of any convenient size, having a depth of not 
over two and a half or three inches, and furnished with a lid. 
A shallow cigar-box will answer the purpose. The bottom 
of the box may be lined with strips of corn-pith, or slices of 
cork, into which the pins can be easily stack. Large cork- 
stoppers will do, and these may be cnt into lozenge-shaped 
pieces like this : 



II 



Tie. tt.— Suora> CoEK FOi Insicr-Box. 



These pieces are to be fastened to the bottom of the 
box by gluing. If strips of com-pith are used, they may be 
tacked or glaed to the bottom of the box. The box, when 
finished, will look something like this : 




flQ. EO,— IHBECT-BOI. 

48. The insects, when collected, are to be pinned to the 
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cork in the way figured, leaving the head of the pin suffi- 
ciently above the insect to grasp with the fingers. 

Care must be taken not to have the insect too far down 
on the pin, as its legs in that case would touch the bottom of 
the box, and break off. Insects may be killed by immersing 
them in alcohol for a few minutes. 




Fio. 51.— Iksxct ranfiD 



Butterflies may be killed by compressing the body be- 
tween the thumb and forefinger, as shown in the figure, 
using just force enough to kill, without crushing them. 
The fumes of benzine, or ether, and of certain poisons, will 
also kill insects, but these substances should not be suggested 
to young pupils, as their use is dangerous. (Teachers will 
here use their judgment according to the character of their 
classes.) The rude box and common pins are offered sim- 
ply for experimental collections. The ingenuity of a pupil, 
where neater collections are desired, will readily secure bet- 
ter ways of making them. 

49. The pupils may go out in a class in quest of material 
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for study, and this is the best way, as the activiiy and sao- 
cess of one will act as a stimulus to the others. 




Fro. 62. 



In the country, the "best places to coUect are by the road- 
sides, or borders of woods and groves ; in the gardens, and 
by the fences, or along the' shores of lakes and brooks, under 
stones and stumps, the bark of fallen trees, or beneath the 
layers of dead leaves. Insects are scarce in deep woods, and 
in large, open tracts of pasture-land. 

In the cities, the parks and gardens will afford good 
collecting-grounds, as under plank-walks and boards many 
insects find shelter. Alongside of raiboad-tracks the dis- 
carded sleepers often hide many a curious beetle. In short, 
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let the popil peer tinder any object large enough to afiord 
shelter to these creatures. By following the furrows made 
by a plow, certain kinds will surely be met with. The pupil 
must be urged to pick up every thing that he thinks is an 
insect, such as grasshoppers, beetles, flies, ants, Bpiders, etc. 
In a single holiday afternoon the pupil will have gath- 
ered some of the following animals : 




CHAPTER Vm. 



PAHTS OF AN ins: 



50. The animals are now to be carefully examined. Let 
the pupils pick out, and arrange together in one portion of 
the box, all of those which have three pairs of legs. In 
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some, the legs will be closely drawn to the body, but by 
sharp looking they will be found. 

After studying these carefully, the pupil will observe 
that those insects which have three pairs of legs have the 
body divided into three regions, or parts, called respectively 
the headj thorax^ and abdomen^ and that, with few excep- 
tions, they all have wings. Insects having these characters 
are called Insects proper. They are also called Hexapodsj 
a word meaning six legs. 

These are to be studied first. The other animals col- 
lected may be sax^ed for future study. 

61. Some insects have the three parts of the body dis- 
tinctly separated, as in the ants, flies, and wasps. In other 
insects the parts of the body are very close together, so that 
it is difficult to distinguish the dividing line, as in certain 
beetles. Let the pupils examine each insect, and make out 
the head, thorax, and abdomen. 



Insect with the bead, thorax, 
and abdomen, distinctly 
separated. 



Insect with the bead, thorax, 
and abdomen, close to- 
gether. 




ih4>r(uo^ 



abdomen. 



head, 
tharaao, 

' ahdomen. 
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In the head, we find the mouthy the eyes^ and Hh^ feelers^ 
or cmtenrKB. 
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The mouth is oa the under side of the head, and is sur- 
rounded by certain parts called mouthrpoHa. These parts 
differ greatly in different insects. 

62. In those insects that chew their food, such as the bee- 
tles and grasshoppers, certain of the mouth-parts act as teeth, 
or jaws, and, being joined to the right and left sides of the 
mouth, move sideways, and not up and down, as in other 
animals. In other insects some of the mouth-parts are very 
long and slender, so as to form a long, sharp sting, as in the 
bugs proper, so that they use them to suck the juices of 
plants upon which they feed. Or, the parts are again modi- 
fied in shape to form a long, slender tube, by which the 
nectar of flowers may be sucked, as in the butterflies. 



Moth. 



Fly. 



Fio. 6S.— SHownro MoxTTH-PABts or ▲ few IirnoTS.— Ths Hkadb abs bspasatbd ntOM 
THx Bodies, amd aee vaoxno the Lett, and dbawk in Fbofile as shbn vbok tuxib 
Ler Sides. 



In the common house-fly, the mouth-parts appear as a 
proboscis, a kind of fleshy appendage which is bent up when 
not in use. When the fly feeds, the proboscis unbends, and 
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the food is lapped up by it. Let the pnpik caref ally watch 
a fly as it feeds upon a bit of sugar, or as it laps the hand. 

In the butterfly and moth the pupil may uncoil the long 
tongue with a pin. It resembles in appearance a watch-i^ring. 

63. On the front of the head are two horns, or feelers, 
called antmnm. 

These are variously jointed, and vary greatly in different 
insects. 

In butterflies, they are generally long and slender, and 
swollen at the tips, like drum-sticks. Sometimes thiey are 
thread-like^ and in others the antennsB are barbed on the 
sides, and look like a feather, as in certain moths. In some 
beetles they are strongly jointed. In the common house-fly, 
they hang down in front of the head. 

Below are given figures of the left antenna of several 
different insects showing how different they are in different 
kinds of insects. The pupils might save the antennsB of 
different insects and glue them to a card, writing opposite 
each one the name of the insect, whether fly, beetle, or locust. 

54. On the sides of the head are round, smooth places, 
and these are the eyes. They are entirely different from the 
eyes of most animals, for, when examined imder the micro- 
scope, they are seen to be divided into little spaces, looking 
very much like the surface of honey-comb. Each of these 
little spaces represents a separate eye. Some insects have 
hundreds and even thousands of these little spaces, or eyes. 
For this reason, such kinds of eyes are isalled compound eyes. 

Under the microscope three minute black dots may be 
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seen on top of the head between the compound eyes, and 
these are called simple eyes. 




A BODE F G S I 

Fig. 56.— Antenna op Yabiovs Kinds or Inssots. 
A, FI7. i>, Dragon-fly. O^ Bog. 

J^ Bee. B, Moth. H, Beetle. 

C; Green GnMhopper. F^ Batterfly. 7, Beetle. 

In many insects, as in the dragon-flies for example, the 
compound eyes are very prominent and cover the sides of the 
head, enabling the insect to look backward as well as forward. 




e 
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7ia. 57.— Showing Compound and Soipu Etm. 
Ay Head of Fly, natnnl size. 

By Head of Fly enlarged eight tlmea; 0, componnd eye; t, simple syss. 
Ct Portion of ttie surfiKse of a oomponnd eye highly magnified. 
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55. Thus far we have learned that an insect propeTy or 
true ineectj has the body divided into three parts or regions, 
called the head, the thorax, and the abdomen. 

Let the pupil take a dead fly, and first pull off carefully 
the legs and wings, and afterward separate the head from 
the thorax, and the thorax from the abdomen. Having 
separated the parts in this way, they may be pasted to a card 
in this manner, writing the correct name beside each part, or 
region, as shown in Fig. 58. 



i4- 


- x^^aa. 


^-" 


. %yAciacc, 


^ 


' J^motnen, 



FiG. 68y— Cabd, wrh BaaiONs or av Ikbxct oluxd to r, avd xibxxd. 

The principal parts of the head are the mouth-parts, com- 
pound eyes, simple eyes, and antennae. 

56. In studying the thorax, the pupil may select some 
common insect (a large fly, or a bee, will answer the pur- 
pose), and pull off the head and abdomen. A common 
house-fly separated in this way may be stuck upon a card. 
By experimenting with a number of insects in this manner, 
the pupil will soon learn that insects not only have the body 
divided into three sections, but that the thorax invariably 
has attached to it the legs and wings — ^the legs being at- 
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tached to the under side of the thorax, while the wings 
are attached to the npper side thereof. 



fkor€Ui. 



Fio. 69.--Head, having monfh-ptfts, antexuue^ oomponnd ^ea, e; and ilmpla eyea, 4 

Thorax, haTing laga and wings. 

Abdomen, never having legs or wings, bat having certain appendages at the extremity. 

57. The wings of insects are never more than four in 
number, and these are arranged in two pairs. 

The group of insects to which the house-fly belongs has 
but two wings, or a single pair, and in this group (and other 
groups of insects as well) there are some which have no 
wings.' 

The wings are very different in shape and structure in 
distinct kinds of insects. In the common fly they are 
quite small, and transparent. In the butterflies they are 
large and broad, and are covered with minute scales which 
rub off on the fingers like dust. In the dragon-fly the 
wings are long and narrow. 
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In all these wings the pnpil will observe a net-work of 
lines, which stiffen the wing and support the delicate mem- 
brane constituting the wing, just as the frame of a kite 
stiffens and supports the paper that is stretched upon it. 
These lines are called veinSj or nervurea. To study the verier 




Fio.60.^AnIk- 

8ICT WITHOUT 
WiSGS. 



FiQ. 61.— An Ikssot witb 

Two WlHOB. 



Fig. 92.— An Insect with Foub Wingi. 



tion of the wings, is to study the way in which these veins 
are arranged. It would be well for the pupils to stick upon 
a card a number of different kinds of wings, such as those 
of the grasshoppers, beetles, flies, wasps, and label them 
accordingly. 

58. In many insects the forward and hinder pair of wings 
are of the same nature, as in the butterflies, moths, bees, 
wasps, and dragon-flies. In other insects, however, the for- 
ward-wings differ in character from the hind-wings. Thus^ 
in the grasshopper the forward pair of wings are more 
dense in structure than the hind-wings, though the little 
veins may be seen closely crowded together. They differ as 
well in form. {See Fig. 64.) 

In other insects, as in the squash-bug, the front-wings 
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have the half nearer the body dense and stiff, while the 
remaining portion of the wing is very thin, or membranous. 

In the beetles the front wings are hard throughout, and 
in most of them are bent and moulded to the shape of the 
body, and, when closed, form a tight cover over the hind- 
wings. 

The forward-wings of a beetle are so unlike ordinary 
wings, that they are not called wings, but are known as 
dytra^ a single one being called an ehftron. 

59. When insects are at rest, they generally bring their 
wings into a position different from that taken by them in 
flight. In certain dragon-flies, however, the wings when 



Batterfly at rest with wings 
nMwtiny oyer tlie back. 





ICoth at rest with the wiagrs 
sloping on the sides of the 
body. 

Fiu. 63.— -Iksxots at Bkst. 

at rest assume the same position as they do when flying. In 
the butterfly the wings are brought together over the back 
when at rest, while the moths, with few exceptions, rest them 
sloping over the abdomen, the front-wings covering the hinder- 
wings. 
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In tlie grasshopper, the front-wings are long and narrow, 
while the hind-winge are large and hroad. When the grass- 
hopper is at rest, the hind-wings are folded together pre- 
cisely like a fan, and, when closed, rest against the sides of 
the ahdomen, the long, narrow front-wings closing down 
upon them, and covering them. 

60. Let the pupils prepare a grasshopper, with the wings 
spread as in the act of flying. A specimen which is dry may 
be moistened by wrapping it np in a piece of wet cloth, and 
letting it remain a day or two. 



Having softened the joints of the insect in this way, it 
may &en he pinned to a piece of cork, or a pin-cashion, 
and, the wings having been stretched, they may be pinned 
in this position, using triangular bits of card throngh which 
the pins are passed to hold the wings in place, as represented 
in Fig. 64, which shows a grasshopper with the wings on 
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one side of the body pinned in the way described. When 
the insect becomes perfectly dry the wings wiU remam in 
the position in which they were pinned. 

A common beetle for study should be prepared in the same 
way. 

In the beetle the front-wings are very hard and are 
closed tightly over the hind-wings. With a pin, or the 
blade of a knife, the upper or front wings may be opened, 
and beneath these will be seen the hind-wings, not folded 
like a fan as in the grasshopper, but folded or bent in the 
middle, as the arm is bent at the elbow. 




Pig. 65.— a Bbstlb with th» Elttbok ajxd HiND-wnco op th» Biobt Sn>» op«f, aot) th» 
Elttbok of th« Lbtt Bum opkh with the Lkfi Hihd-wiho folded in ira Natubal 
PosmoH wtaat closbd. 

61. The abdomen has no wings or legs, but is plainly 
marked with lines running across the abdomen transversely. 



Fig. M.— Abdomxn of a Dbaook-Flt, BHOwmo Bnios ob BaeicBinnB. 
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Tteee Tines show the separation of the abdomen into ringe, 
or segtneatB. In ioBects with lengthened tmd Blender ab- 
domens the segments are long, and the abdomen, when bent 
or cnrred, bends at these joints, as shown in Fig. 67. 




Vk. si.— Ikhoi tub a Lons, Suma AapoiiDi. 

If the pnpil can handle these parts delicately enongh, 
he may be able to separate the abdomen at these joints, 
into a series of rings, or se^^nents, and glne them on a card, 
marked " Sings or aegmcTits of the aMomen.^* In the grass- 
hoppers the segments show very plainly. On the hinder 
part of the abdomen there are varions appendages, some- 
times so short as to be scarcely perceptible, sometimes long, 
and thread-like, as in the May-fly (Fig. 98) ; again, in the 
shape of a sharp sdng, as in the hornet. In the cricket, they 
are qnite long and conspicnous. Thtse appendages vary 
greatly in difiereut insects. 
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CHAPTER IX. 

PABTS OF AN HfSECTT (CONTINUED). 

62. The pupils have learned that the abdomen is divided 
into rings or segments, and the division between these seg- 
ments is plainly seen in most insects. 

The thorax is divided in a similar manner, only the lines 
which divide the thorax are not so plainly seen« 

The nnmber of segments in the thorax is three. To the 
first segment, the head and first pair of legs are attached ; to 
the second segment, the second pair of legs and the first pair 
of wings are attached ; and to the third segment, the hind 
pair of legs, the hind pair of wings, and the abdomen, are 
attached. The three segments of the thorax have special 
names: the prothoraxy this being the forward segment, next 
to the head; mesothoraxy being the middle segment; and 
metathoraxy being the last segment. Arranging these seg- 
ments with the appendages attached to them in a table, they 
would appear as follows : 

IHas tttaclied to it the first pair of 
legs. 
Hm attached to It the seoond pair of 
legs and the first pair of wings. 
Has attached to it the third pair of 
legs and the seoond pair of wings. 



Thb Thobax is oox- 
poasD or Thbsb Ssa- 
mms. 



63. Let the pnpils now endeavor to dissect a beetle, care- 
fully separating the segments of the thorax, and, if pos^ble, 
the minnte jaws and other month-parts, and stick them on 
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a large card, with the names of the different parts neatly 
marked upon the card, as in the accompanying figure (Fig. 
68): 

laMwn. Q. 

maxOla. ^ ^ 

mandiblt. ^ ^ 

-; ■^- 



labrum. 

OKten/ita. .! * * 

eompaund^ye. ,—■ •--? -V- 



jfmtltg. 



, mouih-partt, ' 



toinff. 
aeeond hff. 

teoond wing. - 
fMrd Uff. 




,he€td. 



^praffiorcm. 



fnMothoram. 



metathoram^ 






ABDOMEN. 



Fio. 68.— A ComcoK Bbowk Bketlb, witu the Pabtb skpabatsd. 

Having now learned something about the parts of an 
insect, and having seen how much these parts vary in size 
and appearance in different insects, the pupils are better pre- 
pared to understand the surprising modification which the 
raouth^a/ris undergo in the different groups. 

64. The parts of an insect's mouth, generally speaking, 
consist of an upper lip, called the Idbrwraj a pair of jaws, 
called mandibles / a pair of smaller jaws, called maonUoBy to 
which are attached little jointed feelers, called maxiUary 
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p(dpij and a lower lip, called the lahiv/m,^ which represents 
still another pair of jaws joined together; to this joined 
piece, or laivmn^ are attached a pair of jointed feelers, called 
labial palpi. In Fig. 68 these parts are shown separated 
from the head. 

The numberless varieties of mouth-parts, peculiar to dif- 
ferent insects, are in reality made up by modifications of the 
parts above described. Thus, in one group of insects, the 
mandibles are lengthened out into a piercing-like sting, while 
some of the other parts are reduced in size, or become al- 
most obsolete. In another group the maxillsa are greatly 
elongated, with their edges joined to form a tube, while the 
other parts of the mouth are scarcely to be discerned. In 
another group the labium is greatly lengthened to form a 
tongue-like organ for lapping up food, while the mandibles 
— so big and hard in some insects — ^are barely perceptible, 
and of no use to the insect. 

Not only, then, do these parts assume different propor- 
tions and different shapes in the different groups of insects, 
but they also vary greatly in being very hard or very 
soft. 

If the pupils will examine the different kinds of insects' 
wings, taking the front-pair of wings for example, they will 
find a marked difference between them, some being very 
large and transparent, as in the dragon-fly, others being hard 
and opaque, as in the front wings or elytra of a beetle. 
Compare the broad and brilliant-colored wing of the butter- 
fly with the straight and narrow fore-wing of a common 
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grasshopper. And yet these are all wings. In a similar way 
do the moath'parts of an insect vary. . 

65. In the head of a mosquito, what appears to be a 
single sting, by which the animal pierces the flesh and sncks 
the blood, is in reality composed of long, delicate, thread- 
like parts, which represent the mandibles, maxiUsa, and the 
tongae, or ligvla^ which represents a prolongation of the 
labium. In the bugs the mouth-parts are compacted into a 
hard beak — the piercer^ so called, consisting of mandibles^ 
maxillae, and labium, the labrum being represented by an 
acutely triangular piece. 

The mouth-parts of a beetle have already been described 
in g^ieral terms. They are represented as separated from 
the head in Fig. 68, while in Fig. 69 a ride-view of another 
beetle is given in which the mandible shows veiy promi- 
nently, while the labrum, labium, and maxillae, do not show 
at all, as they are concealed by the other parts. The maxil- 
lary and labial palpi of one side are seen, however. 

66. In the butterfly the labial palpus is seen very large 
and prominent, while the coiled, thread-like tongue rq)resents 
the pair of maxillae lengthened and joined, forming a long 
elastic tube which can be coiled or uncoiled by the insect, 
and through which it sips the nectar of flowers. In the 
mouth-parts of a house-fly the parts are soft and fleshy, and 
united together to form a sort of proboscis ; the maxillae are 
minute ; the maxillary palpi are present as simple jointed ap- 
pendages ; the mandibles are minute, and useless ; while the 
labium is greatly developed, having a broad end which is 
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divided into two lobes at the extremiiy, by means of which 
the iiy laps up its liquid food. The insides of these lobes 
are rough, and the irritation which flies produce when they 
alight upon the hand ia caused by the scratching of these 
rough surfaces. 



antenna, — 



mandible9y fMuHUa^ and i 
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Fw. e9.p--HsAD8 or a Few Iksvots smr feom th» SroB, raovnio MourH-PAim, vaked. 

67. Much more may be learned about the mouth-parts of 
insects, and the pupfls might attempt the separation of the 
mouih-parts of such insects as the grasshopper, beetle, wasp, 
and butterfly, sticking these parts, when separated, upon a 
piece of white card, as shown in Kg. 68. 
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It will be advisable, also, for the pupils to utilize the 
broken specimens of insects by selecting the wings of dif- 
ferent insects and gluing them upon a card, labeling each 
one. Different kinds of antennee might be fastened upon 
another card, and the legs of some widely-different insects 
may be arranged in the same way. For example, let them 
take the hind-pair of legs of a grasshopper and of a water- 
beetle. It will be instructive to observe how different these 
two kinds are, and how admirably one is adapted for jump- 
ing, while the other is so perfectly fitted for a paddle. By 
making comparative collections of this kind the pupils will 
learn a great deal r^arding the structure of insects. 

68. The pupils have thus far learned that a true insect 
has the body divided into regions called the head, thorax, and 
abdomen ; that the head bears the mouth-parts, antennse, and 
eyes. The thorax has the legs and wings, while the abdomen 
has only the caudal or tail appendages, and these are not 
often apparent. They have also learned that the thorax is 
made up of three segments, not often plainly marked, while 
the abdomen is composed of a greater number of segments, 
in most cases very plainly apparent. As each segment of 
the thorax is characterized by having attached to it a pair of 
appendages, and as the head contains a number of append- 
ages, it is believed by many naturalists that an insect's head 
is composed of a number of segments, so closely merged 
together, however, as not to be distinguished, except theo- 
retically. As naturalists, however, differ in their estimate of 
the nimiber, we will leave this difficult problem for more 
advanced students to study. 
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CHAPTER X. 



OBOWTH OF INSECTS. 



69. As the study of the growth of an insect, from the 
egg to maturity, requires some time and considerable care, 
the different stages of such growth may be described and 
taught with what example^ the pupil may be able to collect. 

An afternoon may be spent exclusively in collecting the 
following objects : 




c 





Fio. 70.— E4Ms: A^ Eggs Attached to Ontiide of % Coooon 
{fi and (7 copied from flgurea by G. Y. BUey). 






Fig. 71.— Oatbbpillab 

Ain> 6BUB-W0R]f8. 




Flo. 78.— Chbtbalidw. 



Fio. 78.— Coooohb: X, allowing Inside of Cocoon, oontaia- 
ing the EemaJna of a Chrysalls-Skin. 
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In the spring and fall the eggs of the canker-worm moth 
may be found in abundance on fences and trees in cities. 
They are very minute, and are found in clusters arranged 
like stones in a pavement, but with greater regularity. With 
a sharp knife a shaving of wood may be cut off, taking the 
eggs with it. {See eggs in Fig. 77, 1.) 

If they are collected in the spring-time, little creatures 
will hatch from them in the course of a few weeks, and these 
may be fed on the young leaves of the elm-tree. 

Eggs of other insects may be found on fences, leaves, and 
twigs of plants ; also on the leaves of the squash-vine, and 
other plants in the garden. 

Certain eggs may be found npon the twigs of apple-trees, 
covered with a shiny coating, like varnish. For all these ob- 
jects the pupils will have to hunt carefully, as only the keen- 
est eyes will iuid them ont. 

TO. Caterjnllars and grvb-worma are found everywhere, 
so common indeed that the pnpil has only to examine the 
fences as he goes to school to secure some. For certain 
kinds of grub-worms, he may dig in the garden, follow 
the furrow made by a plough, or tear the bark from 
some dead tree, and discover the specimens he is in search 
of. For chrysaUdes and cocoons the pupils may be di- 
i^cted to search on old garden-fences, nnder stones and dry 
boards. 

Some chrysalides will be found hanging with the large end 
downward, as in Fig. 72 ; others will be found suspended 
by the small end, with a delicate thread around the middle, 
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holding the chrysaliB horizontally^ or verticallyy against the 
fence, as in Fig. 80, (7. 

Some of them are encased in a mesh of threads, which 
may be built against the f ^ice, or under the edges of clap- 
boards on the sides of houses. And within the cocoons col- 
lected, the chrysalides, or their empty cases, will be founds as 
in Fig. 73. 




Fto. 74.— FOBTfOM OV A ntNCB, HATIKO UPON R, AMONG OTIIXB ThIKGB, Eg08, GATIBFILLAXt 

AND CuTBAUDn or Xnbsoib. 



Bich collecting-places may always be found on old garden- 
fences in cities and towns. Fences surrounded by trees and 
bushes will oftentimes have a great many insects lurking 
under projecting edges — caterpillars dlmbing up the posts. 
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and chryBalides attached to the rails of the fence. Fig^ 74 
shows a portion of a fence of this kind. 

With the ^g6, caterpillars, and chrysalides on hand, the 
pnpils are ready to study the life-history of an insect. 

71. Many amraals, as fishes, snakes, and hirds, lay egge, 
and from these e^a little creatares are hatched that resem- 
Ue the animals which laid the eggs. 

Insects also lay eggs, but from these ^gs come little 
creatures which do not at all resemble the insect that pro- 
duced them. 

The different kinds of eggs collected by the pupils were 
laid by uiBects of different kinds. For example, if they have 
collected ^;gB like the following (Fig. 75), the insect that laid 
them waa a moth, and looked like Fig. 76. 



tn. Tfl.— Imoi irHtOK u 



Now, if the pupil will keep these eggs in a box, there 
will hatch from them little animals resembling worms, veiy 
tiny at first, but growing rapidly if supplied with appropriate 
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food. Insects generally lay their eggs in such places that 
the worm, or caterpillar, coming from them can easily find 
access to its proper food, and this food in the case of most 
caterpillars consists of leaves, or the wood, bark, or juices, of 
plants and trees. 

72. Commencing with the egg, the pnpil shonld get, if 
possible, the insect while in the act of depositing her eggs, 
and this will not be difficult to do in the case of the canker- 
worm moth, whose caterpillars commit such ravages upon 
the elm-trees. 




* 9 f * 

Ite. n.^OAHKiB-woKif Mom, EcMS, AND Wobmb: o^ Femato Canker-worm Moth laying 
her Eggs, & ; c, Top-View, and <«, Side- View of an Egg magnified ; «, Canker-worm eat- 
ing its way oat of the Egg, magnified ; /, Magnified View of Canker-worm ; g^ Natural 
Size of Canker-worm after leaying the Egg; A, Male Canker-worm Moth. 



The female of the canker-worm moth has no wings. 
They are very common in early spring and in the fall, lay- 
ing their eggs on fences. Fig. 77, a, represents the female 
moth depositing the eggs ; J, the eggs being deposited upon 
a chip which was cut from a fence while the female was at 
work ; (?, represents a top view of one egg magnified ; rf. 
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represents a side-view of the same egg ; e^ represents another 
egg with the canker-worm eating its way ont ; /^ represents 
the canker-worm highly magnified, after it has crawled ont 
from the egg; ffy shows the natural size of the worm; h, 
shows the appearance of the male canker-worm moth. The 
female moth which is laying the eggs differs from the 
male in having no wings. 

"NoWj if fresh elm-leaves are placed in the box with the 
worms, they will commence to feed on them. The eggs 
hatch ont jost as the leaves commence to grow, and con- 
sequently the young worms have tender leaves to feed on 
at the outset. 

The worm grows rapidly, and after a few weeks ceases 
feeding, and, dropping to the ground, or lowering itself down 
by a thread spun from the head, buries itself just below the 
surface of the ground, and there changes into a chrysalis^ form- 
ing a rude cocoon of earth about it. At the proper time 
there comes from the chrysalis a male canker-worm moth 
with wings, or a female canker-worm moth without wings. 

Y3. From the eggs, then, come worms or caterpillars. 
The worms or caterpillars change into chrysalides, and some- 
times these are inclosed in cases or cocoons. From the chrys- 
alides come the perfect insects, similar to the insects which 
first laid the eggs. 

If it is desired to keep the caterpillars alive, the pupil 
should try to find them when they are feeding, and to ob- 
serve the kind of leaf they are eating, and then, by giving 
them fresh leaves of the same kind as they need them, the 
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caterpillars will grow rapidly, and ultimately change into 
clirjBalides. It is a common thing to see boys collect cater- 
pillars and place them in a box, with grass to feed upon ; the 
grass dries, and of course becomes unfit for food, and even 
if it were fresh the caterpillar would not eat it, unless it were 
its natural food. If the pupils wish to raise caterpillars, 
they must be sure and furnish them with the kind of leaf 
they are accustomed to feed upon. It may be an elm-leaf, 
or a cabbage-leaf. Thus, there is a conmion worm which 
they will find feeding on the leaves of the Tartarian honey- 
suckle, as in Fig. 78. To raise this worm, therefore, it is 
necessary to furnish it, from time to time, with the leayes of 
this honeysuckle. 




FlO. 78.— WOBM TEKDTSa OV TBI LlAF OF TBB TaBTABXAK HONETBITOKLa. 

(Copied from figure by J. H. Emerton, in P&ckard's "Guide to the Study of Insects.") 



In its growth, the caterpillar usually sheds its skin three 
or four times. 

After the caterpillar has become full-grown, it stops eat- 
ing, and crawls about in a restless manner. 
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In the Bummer and fall, varions kinds of caterpillars are 
seen crawling over the sidewalks and along fences. They 
are not now searching for food, but are seeking an appro- 
priate place where they can change into the chrysalis state. 

From the long, active, and often devastating caterpillar, 
having three pairs of small legs in front, and other pairs of 
blunter legs behind, the creature gradually changes into a 
body, blunt in front, tapering behind, with no indications of 
legs, head, or any of the appearances seen in the caterpillar, 
except that the hinder part still shows the division of that 
portion into rings or segments as in the caterpillar, and signs 
of life are still manifested by this portion moving from side 
to side, when touched. Many caterpillars spin a case or co- 
coon, as it is called, in*which it incloses itself previous to 
changing to a chrysalis. The thread with which they make 
this case issues from a little tube in the lower part of the 
mouth or labium. Silk is made from the thread composing 
the silk-worm's cocoon. 




Fio. 79.— J., Hinder Portion of GhryBalls-Bkln hanging; B, G, Enlarged View of Hinder End, 

to show the little Hooks by which it hangs. 

74. Fig. 79, Aj shows the hinder portion of a chrysalis- 
skin, the insect having escaped from it, and the forward part 
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liaying fallen to the ground. The ehrysalifi is seen suspended 
by the tail, and is held there by little hooks on the end of 
the tail, which become entangled in a sort of web previously 
made by the caterpillar ; B and G represent different views 
of the chrysalis-tail enlarged so as to show the hooks. Pupils 
will be sure to find these empty chrysalisHskins attached un- 
der the projectmg portions of fences. 

A B h 
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Fio. 80.—^ OBterpniar getting ready to change into a Chrysalis; JB, Just ready to shed ito 
Skin prBvioos to changing; ft, little Band to hold it up; C; Obzyaalfs; 2>, Batterflyjust 
escaping from Chrysalia, the Wings Just being unfolded. 

Fig. 80 shows different stages of a cabbage-worm, from 
the worm stage to the chrysalis stage : Aj representing the 
worm as it assumes a position under the projecting edge of 
a fence ; J?, after it has supported itself round the body by a 
delicate thread, &, and attached itself by the tail at the same 
time ; and, (7, representing its complete chrysalis condition ; 
2>, shows the butterfly just escaping from the chrysalis, the 
wings still being rumpled. After having escaped from the 
chrysalis, the butterfly generally clings to the empty case till 
the wings have expanded and dried, when it flies away. 
Fig. 80 represents a cabbage-butterfly introduced from £u- 
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rope^ and now oommou in certain parts of New England. Its 
wings are yellow, with two blackish spots on the forward 
wing, and one on the hmder wing. The chrysalides of this 
species are very common on fences, and, when collected in 
«the fall, may be kept through the winter. Daring February 
and March the butterflies will come out, and these may be 
fed on honey or sugar mixed with water, and in this way 
may be kept alive for some time. 

75. The caterpillar, then, having changed into the chrys- 
alis, remains in this condition a few weeks, or even many 
months, and then the skin slowly cracks open, and out crawls 
a creature no longer like a caterpillar, but having three pairs 
of long, jointed legs, the body divided into three very distinct 
regions — ^the head, thorax, and abdomen — the thorax having 
wings, and the head furnished with long antennae, and pro- 
vided with mouth-parts suitable for sipping nectar, and no 
longer like the heavy jaws of the caterpillar, suited only to 
chewing coarse leaves ; in short, a creature resembling the 
insect which first laid the eggs from which the caterpillar 
came. 

76. Other names are given to these three stages of an 
insect. The worm, or caterpillar, is called the larva; the 
chrysalis is called ^ejnipa; while the perfect insect is called 
the imago. These terms are necessary, for without them 
the proper condition of an insect could not be easily de- 
scribed. 

Take, for example, the caterpillar stage of a butterfly: 
the same stage in a common fly is known by the name of 
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maggot, and in other inBects the same conditions are known 
by the name of borer, grub-worm, and many other terms. If 
the pupil learns that all these various names describe a simi- 
lar stage in the lives of these insects, it is much more con- 
venient to have some general term describing all these stages, 
sudi as laa^aj or larval stage. 

77. While most insects pass through changes similar to 
those above described, there are others, such as the grass- 
hoppers, crickets, roaches, and bugs proper (a group of in- 
sects which includes the squash-bug, chinch-bug, and bed- 
bug, all of which have a disagreeable taste and odor, and 
to whidi naturalists restrict the name of bug), which do not 
pass through a caterpillar and dirysalis state. The young 
hatch from the egg, and closely resemble the adult insect, 







Jte. 61.— DiFRsnra Staohb of thx Chikoh-Bito : a^ 'Egg\ (, ISTefw^-hatched LarT»; e, Larra 
tiler First Moult ; e2, Larva after Second Moult; ^ Papa; / Perfect Insect 

[These figures are copied from the Seventh Annual Report of C. Y. Riley, 
State Entomologist of Missouri.] 

except that it has no wings, and is of course much smaller 
than the parent. In its growth it moults or sheds its skin, 
and each moult reveals its wings more advanced in growth. 
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till finally, on the last moult, it attainfl the size and features 
of the mature insect. And even in this growth, so unlike 
the moth and butterfly, the terms larra and pupa are applied 
to certain stages of its history. 

The foregoing figure represents the egg and successive 
stages of the chinch-bug, an insect which has been so de- 
structive to various crops in the West. The figures are all 
enlarged ; the little line at the lower left-hand side of each 
figure represents the natural size. 

78. Many insects, as the beetles, flies, moths, butterflies, 
bees, and wasps, pass through complete and distinct changes 
from their early condition to maturity, as above described. 
Other insects, as the grasshoppers, crickets, roaches, and 
bugs, hatch out from the egg^ as little six-footed insects, 
and not as worms, and in their growth do not pass through 
an inactive jpupa or chrysalis stage, but slowly acquire wings, 
and ultimately attain full growth as above stated. Hence 
these changes are not so completely defined as the changes in 
the insects first mentioned. For this reason the term com- 
plete metamorphosia is used to define the mode of growth of 
the beetles, flies, and other insects having a similar mode of 
growth; while the term incomplete metamorphosis defines 
the mode of growth of the grasshoppers, crickets, and others. 

79. Many of the larvsB of insects look like worms — so 
much 60, indeed, that they are commonly called woims, such 
as cut-worms, canker-worms, currant-worms, and the like. 
The pupils have learned that these are not true worms, but 
only the larval condition of certain insects. 



GROWTH OF INSECTS. 



83 



True worms, however, never change into any thmg else. 
Such, for example, is the earthworm, hair-worm, and leech, 
and worms which live in the sea. 




Fio. 82«— Eakhwoul 




Fig. 88.^MARiinB Wobm. 

These worms, and other true worms, generally speaking, 
have the body divided into a great many segments or rings, 
as in the earthworm. In the larvsB of insects, on the con- 
trary, the segments are limited in number. With few ex- 
ceptions the larvsB of insects have legs, and these legs in the 
fore-part of the body are jointed. In worms, jointed legs do 
not occur. The jointed legs of the larvsB number three pairs, 
and are on the three successive rings back of the head, and 
consequently correspond to the three pairs of legs in the adult 
insect. 

In certain larvae other legs occur, but these are not jointed, 

though often having special structures at their extremities, 

5 
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by which they are enabled to cling. These are called pro 
legs J or false legs. 

It would be well for the pupils to collect some leeches and 
earth worms, and, if they live near the sea-shore, a few worms 
may be collected under stones at low tide. 

Having collected these, let the pupils compare them with 
the larvsB of insects. 

As the larva of an insect comes from the egg, it has its 
full number of segments at the outset. In the larva of a 
butterfly, for example, there may be counted, besides the head, 
twelve segments or rings, and this number does not increase 
as the creature grows, but remains constant ; and, as we have 
already learned, the creature does not long remain in its 
worm-like stage, but assumes other conditions, ultimately be- 
coming a creature imlike, in form and habits, the larval con- 
dition in which it spent a portion of its life. 

80. The true worm, on the contrary, comes from the egg 
with a very limited number of segments, and as it grows 
new segments are formed, till in some worms as many as 
four or five hundred segments are developed before the ani- 
mal has attained mature proportions, and in this condition 
it remains ; that is, it is complete, never changing or passing 
through larval or pupal stages to develop into something 
quite unlike the worm. 

Briefly, then, a larva may be distinguished from a true 
worm generally by its limited number of segments, and, when 
supplied with legs, having three pairs of jointed ones on 
the anterior rings of the body. 
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With few exceptions wonns live in the water, and even 
those which live on the land are limited to damp earth or 
moist places. While the larvae of insects are in many cases 
aquatic in their habits, and breathe or respire by means of 
gills, the larger number live on the land, feeding on leaves, 
wood, and substances of a similar nature, and are air- 
breathers. 



CHAPTER XL 

HASrrS AND STRTTCTURB OF INSECTS. 

81. Let the pupils now endeavor to study the habits of 
certain insects by direct observation. The following sketches 
are given as aids to the pupils in making independent obser- 
vations on special insects. 

Most insects make no provision for the larvse, but leave 
them to take care of themselves, though usually the egg is 
deposited where the larva coming from it may find proper 
food at hand. 

Other insects prepare cells or cavities in wliich they de- 
posit their eggs, just as a bird builds a nest to hold its eggs. 
Certain insects, in preparing these cells, also lay up a store of 
food ready for the larva when it shall have hatched from the 
egg. Such is the case with the common mud-wasp. This 
insect makes a number of little chambers of mud, generally 
sticking them to the sides of a wall, or to the ceilings of sheds, 
bams, and attics. These pellets of mud are seen firmly pla&- 
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tered to the wall, rongli and irregular ia appearance, and at 
first Eight might be mistaken for the work of some mis- 
chjerous boy. 



Pis. SL-i. MoD-WiiL 



I^g. 81 repreBents their general appearance, for, roagh 
as they appear, on close examination they are seen to be 
constmcted Ycry EyBtematically — the Boft clay of which 
they are built being laid on in alternate layers, looking 
something like a braid ; while the upper portion, being built 
of looser and coarser material, is pnt on in irregular lamps. 
"With a tbin-bladed knife these mud-cells may be scraped oflP, 
and sometimes can be pulled away with the fingers. TTpon 
opening them they will be found either filled with little 
spiders, or containing yellow-colored larvffl, pupee in brown 
skins, or wasps. Their history is as follows : 

82. "When the mother-wasp gets ready to lay her e^s, 
she first bnilds these curious nests of mnd, which she collects 
from the streets, or by the sides of brooks in clayey soil. Hav- 
ing finished one cell, she deposits therein an egg, and then 
collects a nmnber of small spiders with which she completely 
fills die cell. After this is done she closes np the top of the 
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cell with looBer mad. Thus she proceeds, coDstractrng cell 
after cell, going through the same mancenvres with each one. 
It has heen observed that the wasp etings the spiders so 
as to paralyze, but not to kill them. Hence they remain 
alive but cannot stni^le, and when the egg hatches, the 
little larva coming from it finds in these spiders a store 
of food on vehich to feed. These are gradoally eaten, and 
thus room is made for the rapidly-growing larva which, hav- 
ing eaten all the spiders, passes into its pupa state surroimded 
by its brown chrysalis case, and finally emerges a perfect 
wasp, when it softens the mnd-walla of its nest, by a flnid 
poured from ite month, and gnaws its way out. 



H. SS^-SHOimra * Bwr of Foca Cklu cut oraii; o, roprewnHiiK « Cell -with the ^g 
■t tli« Bottom, tad tbe nnuLntn; Bpaae filled with BpMen; A,ttie Lam fiill-icrowii, 
•ller hsrtiig cmunmed nil the Bpldon ; s, Iha Fdi>s; ud il, the Imago, or Perfect 
Wup, ready to conu oat. 



Fig. 5t shows one of these mnd-wasps pinned. 

The pupils may collect these nests or cells in April or 
May, and by Jnne the wasps will be ready to come out. If 
collected soon after they are made, the ^^ may be found ; if 
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a little later, the larva will be found feeding on the spiders ; 
and, still later, the full-grown larvse and pupsB appear. 

In collecting for the cabinet, one nest should be cut open 
to show the ceUs and their contents. 

83. The mosquito deposits her eggs on the surface of the 
water, sticking them together in such a way as to form a 
raft. From these eggs little black creatures hatch, which 
swim about with a quick, jerking motion. In this condition 
they represent the larvse. If the pupils will examine pools 
and ditches, or even the tubs and barrels of water which often 
stand about farm-houses, they will be very sure to find some 
of these animals. They are small and black, and by their 
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Fxe. S^^A, Larva; and 2?, Papa of a Mosquito; o, line showlniir Natural Size of Larva; d, 
representing Water-Line. —The larva la seen with the hinder end of the body Jnat pro* 
jecting above the snrftoe of the vrater, bo that the air may enter through the little tube. 
The pupa is seen with the back Just level with the surftce of the water, and through the 
two tubes, on the back of the thorax, the air is being admitted to the body. 

rapid, jerking motion cannot be mistaken. A number may 
be collected and placed in a jar of water, where all their 
changes, from the larval to the perfect state, maybe watched. 
They will be seen coming to the surface of the water for air, 
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which Ihey breathe in through openings in the hinder part 
of the body. Changes soon take place by which they as- 
sume the pupa state, and at this time they no longer breathe 
through the hinder portion of the body, but through two 
tubes on the back of the thorax. Finally, the pupal skin cracks 
open, and out crawls the perfect mosquito, for a while rest- 
ing on the empty pupal case which floats in the water like 
a raft, and the insect remains supported in this way till the 
wings become fully expanded and dry, when it flies away. 



CHAPTER Xn. 

HABrrS AND STBUOTUBE OF INSECTS (oONTINUEd). 

84. In certain groups of insects the young hatches from 
the egg, not as a caterpillar, but as a little insect having the 
body divided into three regions, possessing three pairs of 
jointed legs, and looking very much like the mature insect, 
except that it is very much smaller and has no wings. 




Via. 87. — ^Y^uno GBASSHOPPn.— 40, Wing joBt appearing. 

In the grasshopper, for example, the animal does not pass 
through a series of abrupt changes, but the creature comes 
from the egg with the general proportion of the adult insect, 
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save that it has no wings, these growing graduallj as the 
creature increases in age. Fig. 87 represents a young grass- 
hopper with the wings just appearing. At intervals, the in- 
sect sheds its skin, or movUa^ the wings continually increas- 
ing in length until mature size is reached. 

Let the pupils endeavor to collect some young grasshop- 
pers representing various stages of growth, and place these 
in their collections beside the full-grown one. 

By searching in the grass, the cast-off skins of grasshop- 
pers may be occasionally found still clinging to the spears of 
grass, where they were left when the grasshoppers shed them. 




. i 
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Tta. 88.— OAiT-orr Ssnr or ▲ GBABBHomB.— The grMshopper has shed ItB sUn whSo 
cHnglng to a blade of grasB. The akin la imperfect, the antenim and parts of its legs are 
broken ; the abdomen is shriveled, and doea not show. 
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Fig. 88 shows the appearance of one of these cast-off skins. 

85. Grasshoppers are often infested with parasites. Fre- 
quently the grasshoppers, in a sickly condition, are met with 
clinging to the grass, or bushes. A careful examination of 
them will show a number of little bright-red mites crawling 
on them, or attached near the base of the wings, and evi- 
dently the cause of their weakness. 

Curious cases have been found wherein these creatures 
had met with fatal accidents. In their headlong fall to the 




Fm. d9.— Gbabbhoppib toxosd with Spxab of Obam. 

ground, after one of their reckless jumps, they are liable to 
have their armor pierced with the dried spears of grass. Fig. 
89 represents a grasshopper which had been pierced in this 
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way, the dried point of the grass probably striking the head, 
and then glancing off, and entering between the head and 
the thorax. 

86. In studying the early stages of the mosquito, it was 
found that at the outset the animal breathed air through an 
opening in the hinder part of the body ; that soon after this 
the opening closed, and air was taken in by two openings on 
the back, but in no case did the insect breathe through its 
mouth. In the perfect insect, as well as in most larvse, there 
are little openings along the sides of the body. These little 
openings communicate with tubes which branch, and sub- 
divide again and again, sending their little air-twigs into 
every part of the body, even into the legs and the veins of 
the wings. These little tubes represent the lungs of an in- 
sect. They necessarily render the body very light besides. 




Fio. 90.— Inbiot mowisa ths Spibaoub.— Grasshopper with the wings and two hinder paira 
of legs removed to show spiracles, or openings In the sides of the body which comma- 
nicate with the air-tabes within the body: w^ showing where the wings were attached; 
h and m, where hind and middle legs were attached ; «, spiracle on thorax ; <, tympanum. 



In large insects like the grasshopper the minute openings 
in the sides of the body can be plainly seen without the aid 
of a glass. The segments of the abdomen have each a little 
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opening, which is represented in the figure ; and where the 
abdomen joins the thorax, a cavity lined with a delicate skin 
will be found, which is called the tym/pcmum^ and is supposed 
to be an organ of hearing. If the softer parts within the 
body of an insect be removed and slightly compressed be- 
tween two pieces of thin glass, the air-tubes, looking like fine 
white threads, may be seen with an ordinary pocket-lens. 

The air-tubes are called trachemy and the openings on the 
outside of the body which communicate with them are called 
^piraolea. 

87. Insects breathe by dilating and contracting the ab- 
dominal segments. The act of breathing can be plainly seen 
in the grasshopper or the honey-bee, and it will be noticed 
that after violent exercise, as in a long flight, the insect 
breathes more rapidly than when it has been at rest for some 
time, just as a boy after running finds himself compelled to 
breathe rapidly for a while. 

After violent exercise the insect gets tired and rests. Bees 
may often be seen, after a long flight, to alight in the grass 
near a flower, and for a while appear so fatigued that they 
cannot rieach the flower, but remain breathing very rapidly. 
Insects have curious ways of resting and sleeping. A species 
of wasp has been observed soundly sleeping while holding on 
to a blade of grass by its jaws alone, the fore-legs just touch- 
ing the grass, while the body and the middle and hinder 
pair of legs were hanging downward, and not bearing against 
the grass at all, as shown in Fig. 91. 

88. In this connection it may be well to allude briefly to 
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the maimer in which the yarious Boimds emitted by insects 
are made. It is obvious that the vibration of the wings pro- 
duces the loud buzzing sound made by certain insects. But 
there are other sounds which are traced directly to the 
effect of the air rushing in and out of the spiracles, and 
impinging on certain plates whose sharp edges border the 
spiracle. The experiment has been made of closing the 




Fie. 91.— Wasp blkbpikg vhxls holding ok to a Bladx of Oxass with its Ja-wb. 

{From «n original sketch Ij S. H. Seadd«r). 

spiracles with varnish, when all noise ceased. It is believed 
that the mosquito produces its remarkable tones in this way* 
Such noises have always been associated with the vibration 
of the wings, because the noise seems to be made when the 
insect is flying, but the cause of this is explained by sup- 
posing that the violent muBcular action of moving the wings 
also causes the air to be violently thrown out of the spiracles, 
and as a proof of this it has been found that cutting oft the 
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wings of such an insect, while modifying the sound, by no 
means prevented it being made ; and it is a fact also that no 
sonnd is produced by other insects whose wmgs vibrate with 
great energy. 

89. The peculiar chirp of the cricket is made by the fore- 
wings being rubbed rapidly against the hind-wings upon 
which they rest; one of the large veins in the fore-wing 
being thickened and notched like a file, and the wing itself 
acting as a resonant body in augmenting the sound. The 
males, only, make this sound ; the females are silent ; and if 
the fore-wing of the female be examined, the vein in ques- 
tion is not thickened, nor is it rough, like a file. 

Mr. Samuel H. Scudder has stated that the grasshop- 
pers produce their sound, or stridvlate^ in four dijfferent 
ways : " 1. By rubbing the base of one wing-cover upon 
the other, using for that purpose the veins running through 
the middle portion of the wing ; 2. By a similar method, but 
using the veins of the inner part of the wing ; 3. By rub- 
bing the inner surface of the hind-legs against the outer sur- 
face of the wing-covers; and 4. By rubbing together the 
upper surface of the front edge of the wings and the imder 
surface of the wing-covers. The insects which employ the 
fourth method stridulate during flight-r-the others while at 
rest. To the first group belong the crickets ; to the second, 
the green or long-homed grasshoppers ; to the third and 
fourth, certain kinds of short-homed or jumping grasshop- 
pers." 

90. Harris, in describing the third method of stridulation. 
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says that ^^ their instruments may rather be likened to vio- 
lins, their hind-legs being the bows, and the projecting edge 
of the wing-covers the strings," and adds that when a grass- 
hopper begins to play " he bends the shank of one hind-leg 
beneath the thigh, where it is lodged in a f uirow designed 
to receive it, and then draws the leg briskly up and down 
several times against the projecting lateral edge and veins of 
the wing-cover. He does not play both fiddles together, but 
alternately, for a little time, first upon one, and then on the 
other, standing meanwhile upon the four anterior legs and 
the hind-leg which is not employed.'' 

Flo. 9S.— Leg of a Oraaahopper magnified, ehowlog Bidge of Fine TeeOi on fhe Inalde of the 
Leg, marked a, by which the Inaeot raapa the Wing; &, e, Different Vlewa of Bidge of 
Fine Teeth, highly magnified. 

A figure is here given of the hind-leg of a common grass- 
hopper, showing the row of minute teeth which occur on the 
inside of the leg, and which are drawn across the edge of the 
wing. The pupils may imitate the sound thus produced by 
drawing a coarse file, or the teeth of a comb, rapidly across 
the edge of a stifE sheet of paper. 
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CHAPTER Xm. 

HABITS AND STBXJOTUEE OF INSEOTB (oONTINUEd). 

91. A LITTLE bug, called the tree-hopper, has a peculiar 
history in its young state. The eggs of certain species are 
laid in the ground, and, as soon as these hatch, the young 
ones crawl up the stems of grass, and, piercing the grass with 
their mouth-parts, commence to suck the juices contained 
therein. While this action is going on, a clear, watery fluid 
escapes from certain pores in the body, and in a short time 
the young insect is completely immersed in it. As it is 
obliged to breathe air, it secures this by turning up the 
hinder part of the body, and by means of little appendages^ 
clasping a bubble of air, which then flows along the under 
side of the abdomen ; here it is taken in through the spirar 
cles. The air having been so used, is allowed to escape in 
the fluid in which the insect is immersed. This operation 
is repeated over and over again, fresh bubbles of air being 
thus secured, and then escaping in the fluid. After a while 
the fluid becomes filled with these little bubbles, which soon 
convert it into a frothy substance, and this is the origin of 
the white flecks which occur so thickly on grass, and which 
is here commonly called frog-spit^ and, in England, CfOokoO' 
spitUe. 

92. There are certain insects belonging to the same group 
which are aquatic, and whose young come to the surface of 
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tlie vster, and in the same manner aecnre air. So this little 
tree-hopper, 'while in tlie young state ancking the juices of 
grass, and completely immersed in a watery fluid, may be 
looked upon as an aquatic larva during this stage. 




Fia. n.— Giun. WITH TBI Teoth Fid. M.— A Pomos or * Gitus-Bm, wttb m 
vroB IT, a, a, ud • Yonng la- Yonso Iibicts HienimD: a, the ISMCt mub' 

NCte^oiedatt. tog out Uia Hliider Put oTtliaBodj to Hear* 

• Bnbbk of Air; b. u Iniect uDmlng » Bnb- 
bb of Air to oapa In lbs Fluid. Uu dotted 1I» 
b iDdlcMeB the babble: c. tb« Moiub-putt, Uke 
t Sting, plaidiw the Gtsh. 



Let the pupils collect and examine ihis froth, and, bj 
carefully wiping it away, they may expose the yonng insect 
&8tened to the grass. 

93. The insect called the BeTcnteen-year cicada, or Beren- 
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teen year locust as it is improperly called, has an interesting 
life-history. 

The perfect insect ia shown in Fig. 95. They may he 
known hy the peculiar lond, buzzing sound emitted by the 
male. This eoimd can oftentimes be heard at a great dis- 
tance. 



ns. t&-~SEnnBBi-Tau Ckuia. 

The seventeen-year cicada is fomid rarely in Sonthem 
New England, bnt is common in the Sonthem and "Western 
Btfltes. This species exists in great numbers, and does 
immense damage to the trees which it infests. The female 
depodts her egga in the twigs and smaller branches of 
oaks. Little fmrows are made in the twig, side by aide, and 
within these furrows the e^;a are laid. The leaves wither 
on the trees from the injuries infiicted in this way. Lit- 
tle insects hatch from the eggs, entirely different in appeaN 
ance from the parent ; and these, running to the end of the 
twig, fling themselves ofE, and falling to the ground dig 
their way down, till they come to some root upon which 
they fasten, and with a piercing sting suck the juices of 
the root. Here they remain for nearly seventeen years, 
slowly growing. At the end of that time they assume the 
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appearance represented in Fig. 96. At tbe proper time thej 
crawl out of the ground, and their skins splitting open along 
the back, out come the perfect insecta, witli wings and all 
complete, to Ay away, lay their ^^, and deraetate the 
foreste. 

There are certain species which do not occur in such 
numbers, and which pass throngh all their changes in a sin- 
gle year. The cast-o£E skins of the pnpee of each species may 
be often found clin^ng to apple-trees and fences in New 
England. 



Tn H.— Pufi-Oau o 
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The pupils should, if possible, collect a twig in which 
the eggs have been deposited, a pnpa-skin, and the perfect 
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CHAPTER XIV. 

HABITS AND STKUCTUBE OF INSECTS (CONCLUDED). 

94. The May-fly, or Ephemera^ is one of the most com- 
mon insects in the Western States. They live only a few 
weeks in their perfect state, oftentimes but a few days. 
Their eggs are laid in the water, and the larvse live in the 
water two or three years. At the end of this time they 
come to the surface in immense numbers, and, shedding 
their skins, come out as winged insects. At this time they 
resemble their perfect state so closely, that the name evb- 



Jha, OT.—Laxya of Ephkhkka. 
(B«dQced from Figure by J. H. Emerton, in Br. A. 8. Packard^s DlrectionB for eofleetlng 

Insects, Smithsonian Instltation.) 

imago8 is given to them in this condition. They often fly 
a considerable distance from the water, alighting on the 
ground and trees. Here they again shed their skin, and 
then have attained their perfect state. 



102 



FIRST BOOK OF ZOOLOGY. 



These insects occur in prodigions nnmbers in certain 
parts of the world. In some regions of Europe they are so 




Fig. 9S.— Ephbxkra. 



abundant that the inhabitants collect them in heaps, and use 
them as dressing for the land. In the cities bordering the 
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great lakes it ia a common eight to see the gas-posts uid 
adjoining bttildingB blackeoed by the myriads of Ephemera 
which have been blown in from the lakes and have been at- 
tracted bj the lights. The following figure represents a 
gas-post, in Cleveland, Ohio, as it appeared with Ephemera 
clinging to it: 



Fta. W.— Oii-PocT, viTH EramaKA oi 



95. Anodier group of insects somewhat resembling the 
Ephemera pass their larval state in the water. 

Some of their larrse are called caddU-worma, or caa&- 
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worms, and are inclosed in cases of cylindrical and other 
shapes. These are variously made of grains of sand, bits 
of bark and sticks, and other fragments of convenient size 
cemented together. Some of these cases, built of small 




Fko. 100.— <?Ain>zft-Wo»f, wiTn rb Case. 

grains of sand, look like coiled snail-shells. Otber larvsB 
shelter themselves in bits of straw, or the fragments of 
hollow stems of plants. 

Fig. 100 represents the larva of one of these insects in 
its case, which is made of bits of sticks arranged in a spiral 
course. The larva drags about this case, and as it grows col- 
lects material for the enlargement of its tube. 

In almost any quiet pool or running stream these curious 
cases may be found, containing the larvad within. 




Fio. 101.— Gall-Flt. 



96. The curious round balls called gall-nuts, which are 
found on the leaves of the oak and of other trees, are pro- 
duced by an insect called the gall-fly. 

The eggs are deposited in the substance of the leaf, and 
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it may be that the larva, by its presence there, causes the 
mmatoral growth of the leaf, resulting in a wart or tumor, 
and sometimes in a large round nut. It is beUeved, however, 
that the adult insect, in depositing the egg, also stings the 
leaf, and, poisoning it at the same time, induces the ab- 
normal growth of the leaf. Within this the larva feeds, 




Fio. 102.— Oall-Nut on Oax-Lkaf. 
(Copied from Harris's ** Insects inO^u^^ ^ Vegetstion,** tlilrd edition.) 

and changes into the pupa state, and finally into the perfect 
insect, when it gnaws its way out. 

In the autumn the pupils will find the gall-nuts abun- 
dantly in the woods. Let them collect a number of these, 
and, on carefully cutting them open, they will find within a 
tiny oval case, and upon opening this they will discover 
snugly stowed away a little, polished black fly having four 
wings. The creature when liberated is ready to fly away. 
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Some of the nnts will be empty, because the gall-insects 
have already escaped. 

Galls are also produced by other kinds of iosects. The 
following fignre, which represents a gaQ common on the 
golden-rod, is produced by a two-winged fly. The figure 
represents the stem or stalk nnnatarally swollen, the swollen 
portion being the gall, within which the larva, pnpa, or per- 
fect insect, may be fonnd if the creatnre has not already 
escaped. 



Fra. ItA—Qiu. on Goisnr-Boii Btuji.— ^ Pops nntond fton tha (ML 

Let the pupils arrange in their collecting-box a leaf with 
the nut attached, a nnt cut open showing the papa-case, and 
the insect pinned. 

97. Only a few brief lessons have been given represent- 
ing the life-history of a butterfly, mnd-wasp, moBqnito, spt- 
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tlerinsecty Beventeenrjear cicada, May-%, and gall-fly. Let 
the pupils endeavor from their own observations to makei 
additional life-histories, or record facts, concerning other 
insects, such as the honey-bee, paper-wasp, 'and a great many 
other common insects, of which no mention has been made 
here. The turning over of stones and logs in the woods 
will oftentimes expose the burrows of ants, and the ants 
will probably be found busily engaged in carrying off long, 
white, oval cases, which look like eggs ; let the pupils collect 
some of these, and see if they can find out what stage in the 
history of the insect they represent. 

98. An instinct which appears wonderful to us, prompts 
the insect to seek appropriate places for the deposition of 
her eggs. The butterfly, for example, seeks for food 
the nectar of flowers; its larvae, however, must have 
leaves upon which to feed, and the instinct of the butterfly 
impels it to deposit its eggs in a place where the young 
shall find their appropriate food. It has been learned 
also that other insects store up animal food for their 
young, as in the case of the mud-wasp, where spiders are 
imprisoned in cells in which the eggs have been previously 
laid. 

The gall-flies deposit their eggs directly in the substance 
of the leaf. 

99. Another group of insects, much resembling the gall- 
flies, deposit their eggs directly in the bodies of the larvse 
and pupae of other insects. They are called ichaeumon- 

JKea. These insects have on the hinder part of the body a 

6 
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sharp, piercing sting, and with this organ the necessary hole 
is made through which the egg is deposited. 

A caterpillar soon hatches from the egg thus deposited 
by the ichneumoil-fly, and feeds upon the fatty portions of 
the body of the larva in which it has been so placed. But 
this larva containing the ichneumon-caterpillar, meanwhile, 
completes its growth and changes into a chrysalis, when the 
inclosed ichneumon-larva devours the entire contents of the 
chrysalis, and then changing into the pupa state soon emerges 
as an ichneumon-fly, to go in quest of caterpillars, in which 
to deposit its eggs. Thus it will often happen that a num- 
ber of cocoons have been collected, from which ought to 
appear a certain kind of moth, for example, but from many 
of them a brown ichneumon-fly wiU emerge, a sight quite 
as startling, to one not familiar with insects, as if a robin 
should be seen to hatch from a hen's-egg. 

If the pupils will collect from the fences a large number 
of the chrysalides of the common yellow cabbage-butterfly, 
and keep them in a box, with a piece of glass for a cover, 
they will observe that while butterflies come from many, 
from others, which have already changed to a lighter color, 
little black flies wiU appear, crawling out of holes in the side 
of the chrysalis which have been made by some of the im- 
prisoned ichneumons. {See Fig. 104.) 

100. Nearly every species of insect is infested by one or 
more species of ichneumons, which deposit their eggs within 
the pupae, or the larvae, or even in the eggs themselves. 

There are some species of ichneumons which deposit their 
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^gs within the eggs of the canker-worm moth, and, as tiny 
as these eggs are, they are still large enough to f m^nish nour- 
ishment and room for the complete development of the 
insect feeding within. 

In Fig. 74 an ichneumon-fly is shown on the wing, in 
search of caterpillars wherein to deposit her eggs. 

Fig. 67 also represents an ichneumon-fly of large size. 

Fig. 104 represents ichneumon-flies escaping from the 
chrysalis of the cabbage-worm butterfly. 




Fia. 1M.~C]IBTBALD or tbb Cabbaos-Wobm, rzou whzgh ▲>■ aaa doafxnq Ioh- 
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CHAPTER XV. 

SPJDEBS.. 

101. Fob this lesson the pupils are to collect a number 
of spiders, securing, if possible, the largest specimens. A 
wide-mouthed bottle, with a little alcohol, will answer to 
collect them in. Let each pupil select the largest specimen 
to study, and pin it to a piece of cork, or to a soft pine strip. 
The legs are to be arranged with two pairs pointing forward 
and two pairs pointing backward, as shown in Fig. 105. 

Let them study the following characters with the speci- 
men before them : 

The spider is divided into two regions. That region or 
part to which the legs are attached is called the cephalo- 
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tliorax. The hinder region is called the abdomen. Instead 
of having a separate head, as in tme insecte, the spider has 
its head and thorax combined, and hence this part is called 
Hie cephalo-thoraz, a compound word meaniDg bead-thorax. 



103. The spider has four pairs of legs, instead of three 
pairs of legs as in the true insects. Projecting in front are 
a pair of jointed feelers called paljn {see Fig. 105, p). 
These look very mneh like legs, and in very young spiders 
can scarcely be distinguished from them. 
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The month is armed with a pair of jaws which are at- 
tached above the month and hang down in front, at the 
end of which are the poison-fangs. With these thej are 
enabled to seenre and kill the £lies and other insects npon 
which they feed. The following figure represents the jaws 
or mandibles. 




pi m ^ P 

Ito. lOT.— Fboht PosTiwr dr Oommoit Oasdxw Sfidsb osbatlt bnlaboxd, showliiff, pp. 
Palpi; m, MandiUet; li; aPortlon of th6 Flrat Pair of LogSi and aboTe» tfao Front of tho 
Cephalo-thorax, with the Eight Eyes upon it 

Directly behind the mandibles, are two smaUer jaws, 
called maxillsQ {see Fig. 1Q8), which aid in crushing the food 
and arranging it for the mouth. 




Fto. 106.— Ihuxb Jaws, ok Mazxlljb, of a Coiofov Gasdzv Spidib.— The flnt Joints of 

the Palpi axe seen also. 

The spider has eight eyes, situated on the front part of 
the cephalo-thoraz. They look like little black beads, and in 
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large spiderB can be easily seen without the aid of a magoi- 
fjing-glass. 

103. The lAdmrwn has little appendages at its hinder end 
called apinnereta, and from these the spider produces the 
thread with which it builds its nests and nets, the nets being 
commonly called spiders' webs. 

Highly magnified the spinnerets appear as blunt protu- 
berances arranged together in pairs, and capable of being 
contracted or expanded. These spinnerets are covered 
with hundreds of jointed hairs which are }>erforated and 
throHgh which the web-forming material escapes. This ma- 
terial is fluid and something like the white of an egg. 
Escaping from the body, through hundreds of these minute 
openings, the strands of tliis fluid dry almost instantly, and, 
uniting, form the delicate, yet comparatively strong, thread of 
the spider. Thus it will be seen that the thread of the 
spider is composed of hundreds of strands, which may be 
often separated just as the fibres of a rope may be pulled 
apart. Under the microscope the posterior end of the abdo- 
men with the spinnerets looks like this. 



a.~t, on* Vt tfa« Tabolu Hiln from the SplDsereta, hlfUj 
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104. As the thread issues from the spinnerets, the spider 
guides it with its hind pair of feet, and these are curiously 
adapted for the purpose not only of holding and guiding the 
thread, but also of enabling the spider to run rapidly across 
its nets without getting entangled, while other animals be- 
come helplessly ensnared in attempting the same thing. 

The ends of the legs terminate in three claws, a pair of 
larger ones generally notched like a comb, and a third one 
like a spine which acts as a thumb. Other notched spines 
or hairs also aid in securing a hold upon the web, and even 
if these fail to secure a footing, the leg itself is covered with 
long stiS bristles pointing downward which are sure to catch 
in the web. The two large notched claws, as weU as the 
other claw and spines, are highly polished, and consequently 
present no roughened surface to which the thread will 
adhere. 

The following figure (Fig. 110) represents the end of a 
spider's leg magnified, showing the arrangement of hooks 
and daws. 



t m o 
Ym. 110,'-'Ekd of ▲ Caaioir Oaxvek Sfxdxb^b Lm uAamriMD.—o, Outer Clawi; m, 

Middle Claw; t, Toothed Hairs. 

105. By observing the spiders which build their nets 
across the openings of windows and in other convenient 
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places, and while at work, they may be seen to use their 
hind-feet in apparently drawing out the thread as it were 
frcun the spinnerets. It will be observed that the thread 
issues in a broad band, and, when these spiders arc sluggish, 
their thread may be caught on the end of a pencil by gently 
rubbing the spinnerets with it, and then by withdrawing the 
pencil the thread may be reeled o£E. 

The various kinds of nets are adapted to entrap the 
spider's food, which consists of flies and other insects. 

Certain kinds of spiders do not build nets, but g6 in 
search of their prey by stealthily creeping up and pouncing 
upon it unawares. 

It is a very interesting sight to watch the little black-and- 
white spider (so common on the sides of houses) slyly approach 
a fly which has alighted near it. If the spider is on the side 
of a window-sill and a fly has alighted near it, the spider 
instantly turns round, facing the fly, cautiously and very 
slowly moves backward, till it gets on the upper side of the 
window-sill and out of sight, when it rapidly approaches, now 
and then peering over the edge of the sill, to see where the 
fly is, and, finally getting directly above the fly, it gathers its 
legs for a jump, securing its thread to the window-sill at the 
same time, and then with a sudden spring seizes the fly in its 
jaws. Sometimes the insect is much larger than the spider, 
and flies awayj with the spider tightly clinging to it ; the 
thread, however, holds fast, though sometimes run out to the 
length of a foot or more. Soon the poison of the spider takes 
effect, and the fly gradually weakens, and ceases its strug-^ 
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glesy when the spider carries it oS to some nook, there to de- 
vour it. 

106. One of the most common spider-nets is like the one 
shown in Fig. 74. If the place selected is in the opening 
of a window or similar place, the spider first runs a few 
threads aa a sort of framework, to which are to be afterward 
attached the radiating threads, that is, those which nm from 
the centre of the net to the sides. Having arranged these 
so near together that the spider can easily reach from one 
radiating thread to the other, the creature commences at the 
centre of the net, and runs a thread from one radiating thread 
to the other in a rapidly-unwinding spiral till it reaches the 
out^ edge . oif the net. This is to form a staging, and also 
the better to hold the radiating threads in place. It then 
commences at the outside, and going back over its last course 
carefully constructs the permanent mesh; and, as it comes to 
^aeh radiating thread, it wiU be seen to attach to it the 
thread it is how making, by simply pressing the spinnerets 
against it. As it goes around again and again, continually 
lessening the circle, it gathers up the thread which was first 
laid as a staging, and, rolling it up in little balls, drops 
it to the ground* Thia habit has led to the impression 
that the spider eats its web. The circular threads are 
glutinous, while the radiating threads are smooth, and this 
can be proved by throwing dust through the net, when the 
cross^threads will catch and hold the dust, while the radiat- 
ing threads will remain dean. The actual centre of the net 
is not the geometrical or true centre, but a little above it. 
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It may be obBeired, too, that the net does not stand vertical, 
but leans a little, and the spider having completed the net 
takes a position in the actual centre of the net, head down- 
ward and on the inclining side of the net. With its 1^ 
outstretched, and resting on the radiating lines, it can feel the 
slightest jar or agitation made by a struggling insect. The 
spider being above the true centre of the net and on the in- 
clining side, if the fly has become entangled below the centre, 
it can instantly drop to the desired point suspended by the 
ever-ready thread which it makes, and, swinging to the net, 
it almost instantly catches the fly. 

The pupils would do well to watch the spiders while they 
are constructing their nets, and to observe and describe, or 
sketch in outline, the different kinds of nets they find and 
the kinds of spiders which construct them. 

107. Besides the nets made by spiders to ensnare insects, 
some species have the power of running out a long thread 
which answers the purpose of a balloon in raising them from 
the ground and carrying them floating a long distance in the 
air. In constructing this buoyant means of transportation, 
the spider does it at peculiar times of the day, and in peculiar 
positions. Selecting some place where the heated air is rising 
from the ground or from the side of a fence, it turns up 
its abdomen and allows the rising current of air to carry 
upward the thread which is being made, and, when this thread 
is of sufficient length for its buoyancy to overcome the weight 
of the spider, it floats away with the spider hanging below. 

The following represents the young spider in the atti* 
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tade of throwing out its tliread for the purpose of sailing 
in the air. 

Yoyagers often meet with these spiders in myriads as 
the wind sweeps them from the land. 




Vw. 111.— TouHG Bpidsb obiatlt Bn.AB6SD, BBownro m Amnmi nr tmbowiho out thi 
Thbxad, rBSYiouB TO BUiKO FROM THX Gbound. (Copied from 8 Figure by J. H. Emerton.) 

108. The spider also constructs cases to hold her eggs, and 
lines them warmly with the finest web. These nests vary 
greatly in appearance. A very common variety, somewhat 
oval in shape, may be found suspended in bams and sheds. 
The pupils should collect and open these cases or nests, and 
they will be found to contain little eggs, sometimes rolling 
out like beads into the hand, or, the eggs having hatched, 
hundreds of little spiders will appear moving within the nest. 

Nests, or, more properly speaking, egg-cases of different 
kinds, may be collected under stones and logs, and wherever 
spiders' nests occur. The little spiders hatching from the egg 



118 



FIRST BOOK OF ZOOLOGT. 



will grow to twice their size in the nest, without apparent 
food, and it becomes evident that, in some cases, they 
must eat each other, as Prof. Wilder has observed within 
some of the egg-cases a far less number of spiders than there 
were eggs in the nest at the outset. These nests may be 
kept in boxes, and the eggs will hatch in due time. 






ABO 
Vm, 112.~8pmsB8* Nssn or Biffjekjmt Kinds ooHVA'amtQ 'Eoqb.—A and C are common 
neets in sheds and barns; B was found under a board in the field, the part containing the 
eggs stands upon a stalk. 

109. The young spider comes from the egg resembling in 
form the parent spider, except that the legs are much shorter 
in proportion to his relative size, and the palpi appear so 
large that they look like another pair of legs, as they then 
are in fact, but they afterward become modified to feelers. 




Fio. 118.— Enlabozd FioiTsn of ▲ Yoirxro Spidkh svvt from tbb Eoo, ititb tbv Fnav 
MovLT, «s adhering to the Hinder Rurt of the Body ; y, the Natural Biae of the Spider ; h 
extremity of a Leg highly magnified, showing an Outer SUn which has not been shed. 
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Ab the young spider growB, it Bheds its skin at short inter- 
tsIb of time. If the pupils will examine the young spider 
soon after it is hatched from the egg, they wUl find attached 
to the binder part of the body the ekin which has jnst been 
shed. This cnriona process of shedding the shin, or moulUrt^, 
occors at intervals, till the spider has reached adult size. 



Ita. l]4r-TB> Oah-oIt Skct of ts Asetlt BnnwK. 

110. The cast-off skins of spiders are very common in 
their webs, and, if the pupils examine any barn-window 
which is covered with spider's webs, they will be sure to find 
some of these cast-off skins, like the one represented in Fig. 
114. 

The mother-spider, generally so timid, overcomes her fear 
during the time she has the care of her eggs, and with 
many ^idere the egg-cases are directly cared for by the 
mother, she oftentimes carrying them ahont with her or hold- 
ing on to them and shovring the greatest solidtade for their 
safety. IiCt the pupils try to separate the egg-case from the 
mother^spider, and they will then learn how courageous the 
spider is at this time, and how persistently she remains by 
her eggs. Borne species of spiders carry their young on 
their backs, and move aboat with them. 
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A Bmall black spider was picked up in the woods, which 
had her body entirely covered with young spiders, which 
were evidently newly hatched. When the mother-spider 
was picked up, all the little spiders becoming frightened 
jumped off, but just before jumping each one attached a tiny 
thread to its mother's back, and as the spider was held up in 
the air there hung below, suspended by invisible threads, 
the whole progeny looking like little black beads. The 
mother-spider was then thrown down among the dead leaves, 
sticks, and pine-cones. She did not run away, however, but 
waited till all of the young ones had found their way through 
this tangled wilderness, safely back to their mother, and this 
they accomplished by means of their threads, one end of which 
they had previously attached to her back. Having waited 
till all had been gathered in this way, she continued her 
journey. 

111. The spider has no power of throwing or ejecting 
its thread to distant objects, as many suppose. When threads 
are seen stretching from one tree to another, the spider has 
caused the thread to issue from the spinnerets, and the wind 
has then caught it and borne it along, tiU finally it gets 
entangled with some object, and in this way the spider is 
enabled to cross from one point to another. 

These creatures are not so dangerous as many suppose, and 
but very few authenticated cases are known of man having 
been bitten by these animals; though the larger spiders 
at the South, and in California, as the tarantula, for exam 
pie, can inflict a dangerous wound. 
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CHAPTEE XVL 

DADDY-LONG-LEGS, CENTIPEDES, AND MILLIPEDES. 

112. In the insects proper, or true insects, the pupil has 
learned that the head, thorax, and abdomen, are separated 
into three regions or parts. In the spiders, it has been seen 
that the head and thorax are combined, forming a single 
region or part, and called the cephalo-thorax, while the ab- 
domen appears as a distinct part. There is another group 
of animals allied to the spiders, the individuals thereof hav- 
ing four pairs of legs, and the head, thorax, and abdomen, 
more or less merged together. The animals belonging to 
this group are called in various parts of the country, daddy- 
long-legB^ granddaddy-Umg-legs^ grandfather-grayleards^ and 
harvest-men^ and in northern New York are known by the 
name of " grab for gray bears." 

Certain species are common around houses and sheds, 
others are found in the woods. They are easily recognized 
by their small bodies and extremely long and slender legs. 
It is difficult to hold them in the fingers, as some of the legs 
are liable to drop off on the slightest effort made to retain 
the animals. 

In the middle and on the back of the cephalo-thorax, there 
is a slight eminence, upon which are situated the eyes, two in 
number. The abdomen appears distinctly segmented. 

113. Their food consists of small insects, such as flies and 
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moBqnitoes ; and these they go in qnest of, slyly approaching 
and pouncing on their yictim and seizing it with their mandi- 
bles, which are furnished at their ends with a pair of nippers, 
which enable them to retain their prey. {See Fig. 115, m.) 

They build no net to entrap their prey, and are weak and 
helpless compared with their higher relatives, the true spiders. 
They are dependent then for food upon such insects as they 
can overcome, and these they devour, differing in this respect 
from the rapacious spiders which suck the fluid contents of 
their prey, rejecting the rest. Certain species are known to 
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F». 118.— Tomro I>ADt>T>Loira-Liot, siTLABOBn: y, Bhofwlng Nttonl Bin; J?, Under Side 
of Body stffl more enlarged; «^ Mandible of Left Bide; p, PAlpns of Eight Bide; P, 
Palpna, greatly enlarged; P C, End of Palptu, ahowlng Notched Claw; L, End of Leg, 
showing Claw; E^ Eye-Prominenoe, with the Two Eyes. (The three ket-mentloiied Flg^ 
wet are great^ magnified.) 
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be cannibals, as some have been seen to pounce npon a brother 
daddy-long-legs and devonr it, leaving only the legs. 

It is believed that in the Northern States they do not sur- 
vive the winter, as in the spring only young ones are seen, 
and these attain full size by autumn. At this season, the eggs 
are laid under stones and in the cracks of boards and other 
protected places, where they remain to hatch out in the fol- 
lowing spring. 

114. Under old boards in gardens and hidden beneath 
stones and dead leaves in the fields and woods, the pupils 
will find the other creatures to be studied in this lesson. 
They are commonly known as centipedes, and in the Eastern 
States, at least, are also known as earwigs ; though the ear- 
wig in England is an entirely diflEerent animal, being a true 
six-legged insect. 

The centipede belongs to a group of animals called Myrir 
ajpodsj and the animals belonging to this group are composed 
of a great many similar segments, some species having as 
few as ten segments, others having over two hundred seg- 
ments. In this latter respect, these creatures resemble the 
worms, but differ from the worms in having jointed legs and 
antennsd, in these last-named characters resembling the in- 
sects, besides having other affinities with them, in breathing 
air through spiracles and trachea which run through the 
body. 

There are two very distinct groups of Myriapods ; one 
group comprising the true centipedes, in which the body is 
flattened, the segments loosely joined, and the legs gener- 
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ally equaling, and Bometimes exceeding, the width of the 
body. 

The segments in many eases are unequal in length, some 
of them being very short and alternating with long ones, 
though all bear a pair of legs below. The antennae are much 
longer than the legs, and are often composed of a great many 
joints. A pair of modified legs reach out behind and look 
like a hinder pair of antennsB. 

In a few forms the eyes are compound as in the insects, 
while in others the eyes are separate as in the spider, and 
are called ocelli. These are grouped on each side of the head, 
at the base of the antennae. 





A. masmlfled view of the head, showiDjf gronp of 
Ro. 116.— ComiOK CmrrxpiDa, eyes at the base of antenniB. A few joints only of 

Natvbal Sizb. the antenna are shown. 



115. The jaws or mandibles are large and jointed, with 
the terminal joint long and sharp as in the spiders. The 
other pairs of jointed appendages act also as mouth-parts. 
The under lip is notched with fine teeth, as shown in the fol- 
lowing figure, whidi represents the under surface of the head 
of the species of centipede shown in Fig. 116. 



DADDY-LONG-LEGS, CENTIPEDES, AND MILLIPEDES. 125 

These creatures are active in their motions, and rapacious 
in their habits. Some of them feed on small insects, others 
attack earthworms. Their bite is venomous to insects, and 
one species having very long legs will produce by its bite a 
severe pain lasting several hours. A large species found in 
the Southern States, and in the tropics, and commonly known 

a mp 




Fio. 117.— Sho'wjitg MAGNirzsB View of tbs Undxb Svbfaos of the Head of a Czsn- 
fkdb: a. Antenna; m p^ Maziliaiy Palpns; /^, Foot-Jaw; / Poison-Fanir of Foot-Jaw; 
I, Labium; fn, Maxilla. The Mandibles are hidden behind the other parts, and do not 
show. 

as the centipede, is considered a dangerous animal from its 
bite. The feet of this species are supposed to poison by their 
touch, since, when they run over the flesh, small ulcers appear 
where the feet have come in contact with the skin. The 
pupils may collect these animals, and either dry them and 
stick them to cards, or preserve the specimens in vials filled 
with alcohol. 

116. The other group of myriapods, commonly known as 
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millepedes, Iiave a long, cylindrical, and oftentimes shiny body, 
composed of a great many segments so smoothly joined to- 
gether that it is difficnlt to see the separation between them. 
The antennsB are short, there are no long caudal append- 
ages, and the legs are short and feeble. At £rst sight it 
would appear that these creatures were exceptional among 
insects and spiders, in having .two pairs of legs to one s^- 
ment ; but it has been learned, by studying the very young 
millepede, that there is really but one pair of legs to a seg- 
ment, but that the segments grow together in pairs, so that 
each apparent segment is really two segments united. 




eompovndty^ 



antenna. 




A B 

TiQ. 118.— A Comioir Mtlupxdb. The Hne nndenieafh the flgnre represents the lengrth of 
the spedmen from which the drawfngr wu made. A, a Mai^ifled View of the Head of tho 
MUliped represented above ; 22; a Magnified View of the Left Jaw. 

These creatures live on decaying matter, and are slow and 
weak in all their movements. When touched, or alarmed, 
they coil up in a closely-wound roll. The body is hard, and 
the animal can be stuck on a card for the cabinet. The eggs, 
to the number of sixty or more, are laid in little burrows 
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previoasly prepared by the creature in earth that is neither 
too moist nor yet too dry. In preparing the burrow the 
female makes use of the fluid which comes from her mouth, 
and which enables her to stick the earth together in little 
balls, and these she passes up from her burrow by means of 
the little legs which grasp the pellet and convey it from one 
pair of legs to the neict pair, and so on till it is thrown 
out of the burrow. After the burrow is completed, and the 
^gs laid, the entrance to the nest is carefully filled up with 
day, or dirt, moistened with fluid from the mouth. 

117. It has been learned, in studying the development of 
the insect proper, that the worm-like larva comes from the 
egg with its full number of rings or segments, and that, as 
the creature matures, some of these segments are so merged 
into other parts, particularly with some of the caudal ones, 
that it seems as if the perfect insect has a less number of 
rings than the larva. In the myriapods, however, the young 
creature as it hatches from the egg possesses only a few seg- 




Fia 11».— HMmT-MAGKunD From of ▲ vmY Touna UiLLsna>s, bborlt aito 

HATOBINO FROM TBS EGG. 

(Bedaoed from t figure by EUas MetschBlkoff.) 

ments, but as it grows, new segments are from time to time 
formed near the hinder part of the body, until the creature 
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attains adult size, when it may possess over a hundred seg- 
ments. 

like true insects, the young myriapod makes its appear- 
ance from the egg with three pairs of legs. The body, how- 
ever, is never divided into a thoracic portion, and an abdomi- 
nal portion, as in the true insects, or into two regions as in 
the spiders, but after the head there succeeds a continuous 
row of similar segments to the tail. 

118. In studying the insects, spiders, and centipedes, or 
myriopods, the pupils have learned something about three 
groups of animals which have in common a body composed 
of segments, and possessing jointed legs. They all breathe 
air through holes in the side of the body, called spiracles, 
the air, thus breathed, finding its way through various parts 
of the body by means of little tubes called trachese, except in 
the spiders, where little sacs, called pulmonary sacs, take the 
place of tracheae. 

In the true insects the segments of the body are gathered 
into three regions, called respectively the head, thorax, and 
abdomen. In the spiders the segments of the body are gath- 
ered into two regions, called respectively the cephalo-thorax, 
and abdomen, the head being merged in the thorax. In the 
myriapods the head is again distinct as in the true insects, 
but the remaining segments of the body are distinct and are 
not grouped into regions. 

The true insects have three pairs of legs. The spiders 
have four pairs of legs, while the myriapods have no definite 
number of legs. In some species there are nearly two hundred 
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pairs of legs, and in no species are there less than ten pairs of 
legs. The true insects alone have wings. 

119. In the growth or development of the true insects 
and spiders, the young animal comes from the egg with its 
full number of segments complete, while in the mjriapods 
the young animal comes from the egg with a few segments, 
and new ones are added as the animal grows. 

Some of the characters of the insects, spiders, and myri- 
apods, may be represented as follows: 




1 8 8 

Three pain of legs, and haying wings. 
Tbvb Inbsot.— Bodj divided into Three Begioni. 




12 8 4 

Ftmt pairs of legs. 

Bfidsb.— Body divided into Two Begions, Head not separst*. 




Ko definite namber of legs 
Mteiopod.— -Body not divided into Begions, bat Head separate. 

Tm. ISO.— AirixAis whosk Bodebs abji ooxpobsd of SaomEim possbbsiito Joiotsd Lbos, 

Ain> BBKATHINO AlB THBOITGH OPKmKOS IN THB SiDBS 07 ISK BODT. 

On account of some of these characteristics above men- 
tioned, with others not mentioned, being held in common by 
the true insects, spiders, and myriapods, these creatures form 
a natural group in the animal kingdom, just as the snails, 
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mnssels, oysters, and clams, possessing certain characters in 
common, together form a natural group of animals. 

There are, however, many other animals which are not 
insects, spiders^ or myriapods, and still possess a body com- 
posed of segments, and also have jointed legs, and these ani- 
mals are to furnish the subject for the next lesson. 



CHAPTER XVIL 

OBAWFISH AND LOBSTEB. 

120. The fresh-water Crawfish, or fresh-water Lobster as 
it is sometimes called, is very common in many of the West- 
em rivers. It may be collected in little pools by the river- 
side, and kept alive for a long while in a jar of water. It 
may be fed on fresh-water snails and the larvae of insects. 
It would be well to keep the animal alive for a while, so 
that its motions in swimming and crawling may be ob- 
served. For the cabinet, it can be dried with the legs out- 
stretched, or specimens may be preserved in alcohol. 

The general form of the body is much like that of the 
salt-water lobster, differing, however, greatly in size; the 
crawfish varying from three to five inches in length, and 
the lobster attaining a much larger size. 

The animal is divided into two regions, the body proper, 
to which the legs and big claws are attached, and the abdo- 
men, consisting of the jointed portion behind. The head 
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does not appear separated from the body ae in the infiects, 
bnt is combined witb the thorax, and hence this part is called 
the cephalo-thorax, as in the spiders. The cephalo-thorax ia 
covered by a continaooB shield, or shell, called the carapace, 
while the abdomen is divided into a series of segmeute. This 
part can be bent suagly beneath the body {see Fig. 121). 



Tm. lSl.-hMa-Wu 



At the hinder end of the abdomen are five flattened ap- 
pendage^ vhich serve as fins, by means of whidi the animal 
can swim vigoronsly backward. (See Fig. 122.) 



TlO. lU^TuL 01 OUWTOH 




There are two compoond eyes in front, which rest npou 
little jointed stalks, so that the creature can tmn them in 
TarioDB directions. . 
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121. Just below the eyes are two long, and two short and 
double antennae, or feelers, and directly below these are six 
pairs of variously shaped and jointed appendages closely 
packed together. They surround the mouth and assist in 
securing and preparing the food for the stomach. The first 
pair are called jaws, or mandibles^ and are furnished with 
sharp cutting edges for biting the food, and a flattened sur- 
face for grinding or crushing it. The next two pairs are 
called maxUlWy and are accessory jaws. The pair of mandi- 
bles and the two pairs of maxillse, with another pair just 
behind, making four pairs in all, belong to the head, the 
other two pairs of mouth-parts belong to the thorax, and are 
so evidently modified claws or feet that they, with the pair 
just in front of them, are called foot-jaws or maxiUipedes. 
(See Fig. 126, in which these parts are all named.) 

122. From the under side of the body project five pairs 
of jointed legs, and these differ in shape and size. The first 
pair are much larger than the rest, and in the lobster are 




a 

Fig. 128.— a Bia Claw of the Lobstbb, SBOwina the Wooden Wedge, a. 

called the big claws. They carry at their extremities big 
pincer-like jaws capable of giving a sharp nip, and which 
are used as weapons of defense, and also to hold on to their 
prey. The lobster can bite very severely with these big 
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dflws, and for this reason the fisherman drives in a little 
wedge of wood to prevent tlie animal from opening the mov- 
able part, so that he can handle it without being bitten. 

The other legs are long and slender. The two forward 
pairs end in slender nippers, while the two hinder pairs end 
in a single projecting claw. With these four smdler pairs 
of legs the crawfish and lobster crawl or walk. 

On Hie onder side of the abdomen are little flattened ap- 
pendages arranged in pairs, a pair to each ring or segment. 
The animal not only swims backward hj means of the broad 



Tm. ISi— On or tdi FLATimD oi Aidduiiu. imraitata or a laant*. 

fins on the end of the tail, or abdomen, but has the power 
besides to swim in a forward direction by extending the ab- 
domen, and using the little fina below as swimming organs, 

123. The crawfish, like the lobster, breathes in the water 
by means of gills. These are attached to the base of the 
legs and are concealed on the sides of the thorax by the 
carapace, which covers them. By forcibly tearing up the 
side of the carapace, there will be exposed the gills which 
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look like pintnes. This Bpace may be called the gill-cbain1)er, 
and £he water flows into it bj passing under the edge of the 
carapace back of the big clawB, and pasaes out of an opening 
near the mouth-parts. The cnrrents of water flowing in to 
the ^-chamber are induced by a stifi appendage attached to 
the base of the second pair of maxillse called the flabdhmi 
{see Fig. 135), and which swings back and forth and scoops 
the water into this chamber. These gills are shown as they 
appear in the crawfish. In tearing ofE the claws of the 
lobster, the gills are often drawn ont too, and remain attached 
to the base of the legs. In the lobster the carapace can be 
easily bent up, so as to show the gills. 

In the following flgnre a crawfish is shown with a portion 



w. l^S'— Okawthh nSH nan ni Sidk. with thit Fomtioh ot thb Guur An n 

VBIOH OOTIW TBI BkakOBIS OB OrLU. TS> ApPKHClSIl or TBI LETT SID 

IBOWH.— <,BeclonofBta<DMh; ^Abdomlnil AppemUguj B, Bum sftlieFoiu 
Ltjii e5B«»o/LBfeCl»w; 
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of the carapace on the left side removed to show the gills as 
they appear in the gill-space. The big claw and the four 
smaller claws or legs are cut off, so that the other parts can 
be plainly shown. 

124. If the pupils are skillful enough, it will be a good 
exercise for them to separate the various appendages of the 
crawfish, and arrange them upon a card, just as the beetle 
was arranged, as shown on page 66, fastening the carapace 
in the middle of the card with the back uppermost, then 
gluing the abdomen to the card, or, if possible, separating 
each ring of the abdomen and gluing each one separately to 
the card, one behind the other, and then arranging the ap- 
pendages on each side of the thorax and abdomen, and with 
a pen marking the names of the various parts on the card. 

Figure 126 represents the way in which the mouth-parts 
of a crawfish or lobster may be arranged. 

As the lobster is a much larger animal than the craw- 
fish, it wHi be easier to separate its appendages, and these 
may as well be taken from a specimen which has already 
been boiled, or as it may be obtained in the market. They 
may then be dried and fastened to a card with glue. The 
red color of the lobster appears only when the animal is 
boiled. When alive the color of the creature is a reddish- 
yellow mottled with bluish or greenish-black. 

125. The eggs are carried by the crawfish and lobster 
glued in masses to the swimming appendages which are 
attached to the lower surface of the abdomen, and the 
creatures retain them in this way till the yoxmg hatch out. 
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This feature is characteristic of the class to which these ani- 
mals belong. How different in this respect from the creat- 
ures already studied, in which the eggs are deposited and 
left by the animal ! It has been learned that certain spiders 
too carry their eggs ronnd with them, and protect them. 



BmwQ-JAW Mandibls. 



LriTLK JAWB OB AC0K8- 
0OKT JAWB, OB MAXIL- 



r First McutiOa. 



Sectmd MaviOa. 



Foot-jaws, ob xaxil 

LIPBDB8. 



Firti Jfaxilliped . . . 



Second MaxUliped. 



Third MawUliptd., 




TiQ, 120.— Mouth-Paxts or a Cbawfuh fbox thx Lbtt Sxdb. 



Fig. 128 represents a crab carrying its eggs glued to the 
appendages on the under surface of the abdomen. Pupils 
having access to lobsters in the markets, will, by looking over 
them, find some specimens in which the eggs are being earned 
in this way. 

126. The young animal in growing sheds its entire shell, 
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in this respect again resembling the spider. This process is 
called numUmgy a term used in describing a similar process 
in the spider. The lobster and crawfish continue to shed 
their shells at different periods, till they attain full growth. 
It is stated that the crawfish sheds its shell annually. If the 
pupils will keep some of these creatures alive, they will prob- 
ably have an opportunity to observe this curious process of 
moulting, in which the entire outer skin, or shell, is discarded, 
so that there is left, complete in all its parts^ the empty crust, 
like a discarded garment. The carapace separates from the 
abdomen above and cracks along the back, and by a series of 
efforts the animal pulls its way out. Great trouble is expe- 
rienced in withdrawing the legs, and oftentimes a leg is left 
behind, and cases are recorded wherein the animal has perished 
in the struggles to liberate itself from the old skin. For 
some time the animal shows great timidity, and the lobster, 
when it has freshly shed its skin, retires to some secluded 
place, and there remains till the soft and tender skin has 
become thickened and hardened, so as to enable it to 
withstand the attack of its enemies. Lobsters often lose 
their legs in fighting, and on a sudden alarm are capable of 
dropping them off. The loss of the leg in this way is made 
good by the curious property the stump has of reproducing 
another leg, which grows out again, jointed and shaped b'ke 
the one lost, only much smaller than the original one. At 
each succeeding moult, however, the leg becomes larger and 
larger. If the pupils will now carefully examine a lot of 
lobsters, they will notice among them some specimens in 
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which some one of the legs will be much smaller than its 
mate on the other side. This shows where a new leg has 
grown, to replace one previously lost. 

127. The young passes through a remarkable series of 
moults, or shedding of the shell, and each moult brings it 
nearer in appearance to the general form of a lobster. The 
following figure presents the appearance of a young lobster 
which has undergone several such moults. 



Fio. 127.— A TouHO LoBSTXB HAGinnsD.— a shows the Katonl Slxe of fhe Creators. 
(Beduoed from a Figure drawn by Sidn^ I. Smith.) 



CHAPTER XVm. 

CSABS, HEBMir-GRABS, Ain> OTHEB GBUSTAGEANS. 

128. The class of animals to which the crawfish and 
lobster belong is called Crustacea^ a name derived from a 
Latin word, erusta^ meaning a crust, or the shell with which 
the animals of this class are covered. 

To this class belong the crabs, hermit<;rabs, shrimps, 
and an infinite variety of forms found in salt-water, certain 
little creatures found in the great lakes and other fresh 
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waters, as well as a little creature known as the sowbug, whicb 
is common under stones and boards in damp places. By far 
the larger proportion of these animals are found in salt-water^ 

Pupils having access to the sea-coast will find along the 
shore, and in pools of water left at low tide, a number of 
species unlike any thing found in fresh water. 

The common crab may be studied and compared with 
the lobster. It will be found that the crab has the large 
daws, little legs, mouth-parts, antennse, and other details 
similar to the lobster and crawfish. The body, however, 
is entirely unlike in shape ; instead of being long and cylin- 
drical, it is wide and flattened, and the long, jointed abdomen 
BO characteristic of the lobster and crawfish is quite concealed 
in the crab. At first sight, the creature would appear to 
have no portion corresponding to this part in the lobster, 
but beneath the body there will be found a close-fitting piece 
composed of segments or joints, and, if this be raised or 
opened, the relation between this small piece and the large 
jointed abdomen of the lobster becomes at once apparent. 

The crab carries her eggs attached in masses to the ab- 
dominal appendages which are arranged in pairs on the 
segments of the abdomen, as in the lobster. 

In the following figure, which represents a crab carrying 
her eggs, a comparison of parts may be made between it and 
the crawfish or lobster. 

The eggs as they are laid are covered with a sticky fluid, 
which thickens into threads and holds the eggs together and 
also holds them in masses to the abdominal appendages. 



FIRST BOOK OF ZOflLOGT. 



Tbese appendages, taring long baire, retain the e^e all tha 
more secure] j. 



Tm. liS.-SiDa-VnT d 



Mabi or Eaas s. 



Under the microscope the eggs appear like hanchea of 
berries or currants. The following fignre represents a few 
eggs from a common crab : 




Fin. lt>,~A, > fcw E^s from u Commoa Cnb, «nluf«d ; Jl^ Bln^ Ess ffnntlr snbrged, 
■hcwliig mora pUolf tlia banlenad Thnad I, hj vhleh tbef m Utuhsd to e«ch Dthap, 
Tlila E(g itums the Tonne uib Jait IxglaiilDg to Iwjo, 

129. The small legs of a crab terminate in a single claw. 
There are no nipper or pincer-like ends as in the two forward 
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pairs of claws of the lobster, and in studying the crustaceans 
generally an infinite variety of modification will be found in 
these parts. In the crab which is so much sought after for 
food, and which is known as the soft-shell crab (a condition 
which indicates that the crab has just moulted, or shed its 
hard shell), the hinder pair of legs have the last or terminal 
joints flattened, and these flattened joints are used as fins by 
means of which the creature swims through the water. 




Fig. 180.— Bigbt Hind-lvo qf thk Edibls Cbab. 

The above figure shows the appearance of the right 
hind-leg of one of these crabs. Compare this with the com 
mon crab shown in Fig. 128. 

130. A curious little crab, called the oyster-crab, makes its 
home within the shell of the oyster, living in the gill-cavity 




Fi». 181.— Otbtkb-Obab. The TaU Is hidden beneath the Body, one Segment onljr showing. 

of the animal. Specimens may sometimes be found in 
canned oysters, and, to those who do not have access to the 
sea-shore, these creatures will furnish objects from which 
an idea of the crabs or short-tailed crustaceans may be 
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obtained. The tail will be found flattened against the under 
dde of the body. Another species occurs in the salt-water 
muBseL 

In the female crab, a figare of which is given (128), 
this part is very large and will be oftentimes found holding 
a mass of eggs. With care the creatures may be dried, 
and their various parts separated and stuck npon cards for 
the cabinet. 



Tn. IS!. — HnuiTT-CaAii a 



131. The hermit^rab possesses the general features of the 
common crab and lobster. The abdominal portion is long 
and cylindrical, and, instead of being encased in a hardened 
shell as in the lobster, it is soft and plifoit, with scarcely a 
trace of hardened parts to indicate the segments. The create 
nre, having this defenseless part, protects itself by securing 
the hard shell of some sea^suail as a house in which it con- 
stantly lives. The caudal appendages are emioosly modified 
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to enable it to retain ita hold on the shell, and the other ab- 
dominal appendages are radimentar^ or wanting on the right 
side, or that side which comes moat against the inside of tlie 
shell, as if they had been worn ofE. Wherever the creatare 
goes, it drags the shell after it as a hoose. 



As the hermit-crab grows, it pasees through the same 
features of motilting which characterize the crustaceans gen- 
erally. The shell which protects its soft defenseless abdomen 
has, of course, no power of growth, and is abandoned whea 
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the Lermit-erab geta too big for it The creature has, there- 
fore, to go in 8eaich of another house slightly bigger than 
the one ready to be discarded. It is said that it does not 
alwayB eoEtent itself with the dead shells that strew the 
beach, but has been seen attacking a live snail and eating it 
for the purpose of occupying its vacant shell, and this is 
rendered probable by the fact that they so often occupy 
fresh and perfect sbeUs. 

Not nnfrequently they are foimd living in old and beach- 
worn shells which they have dragged about so long as to 
have worn the shell nearly through at the place where it 
rests and rubs against the sand. The pupils may collect 
hermit-crabs of all sizes on the shores. 

The figure on the preceding page represents a hermit- 
crab after its removal from the shell. The creature is 
drawn as it appears lying on its back. 

132. There are comparatively few spades of cmstaceaus 
found in fresh water ; and, with the exception of the species 
of crawfish and a few others, the fresh-water crustaceans are 
of small size. 



). lU.— FuBH-WiTn Cbubticuh. ThF Line below reprcMiiti the NMonl Lengtb et 
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The figure 134 represents a small species which is com- 
mon in stagnant pools in nearly all the Northern States. 

From this species the pupils may study a form in which 
the segments of the thorax are not covered by a continuous 
shield. 

The sowbug is a crustacean which lives out of water, 
though always requiring damp surroundings. It may be 
collected under logs and stones. In this creature the seven 
segments of the thorax are easily counted. 




Fig. 185.— Coxxon 8owBira.~The Hoe ehowB tlie length of the specimen from 'which ifaiB 

figure WM made. 

The eggs of the sowbug, as well as those of other species 
of crustaceans of the same group, are carried on the under 
side of the thorax and between the legs, in a little hrooding 
cavity made by leaf-like parts which lap over each other 
and hold the eggs in place. 

The eggs of these crustaceans may be found by examin- 
ing the under side of the body, and observing a lightish- 
colored space between the legs. With a pin or the point 
of a knife-blade they may be scraped away without injuring 
the animal. They are very minute, and only under the 
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microscope can the development of the young creature be 
watched. The following figure represents a single egg of 
the sowbug highly magnified : 




Fza. 18d.— EoG OF Bowmra, bioblt vaonitesd.— The Httle dot, at one aide, ropresents tfac 

natural size of the egg. The head ftoes the left. 

Around the upper edge of the embryo (as a young animal 
in the egg is called), from eighteen to twenty little blunt ap- 
pendages may be seen; these represent the legs and other 
appendages of the body — ^the one longer than the rest is an 
antenna. As the creature grows, these appendages become 
jointed and variously modified to form the legs, mouth-parts, 
antennae, and the appendages on the tail, which differ greatly 
from each other, though at the outset they are all alike. 

133. Having studied a few of the many different kinds 
of crustaceans, let the pupils examine them together to find 
some points characteristic of them all. 

Their bodies, in common with the insects, are composed 
of segments to which are attached jointed appendages of 
various kinds. This body is divided into two regions, the 
cephalo-thorax and the abdomen. In some the cephalo-thorax 
is covered by a continuous shield, called the carapace, as in 
the crawfish, crab, lobster, and shrimp. In others the seg- 
ments of the cephalo-thorax are * distinctly separate, and 
movable upon each other, as in the sowbug and certain other 
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crastaceans, one of whicli is figured on page 145. The ceph^ 
alo-thorax is composed of fonrteen segments, seven of these 
belonging to the head, judging from the number of append^ 
ages which arise from that part. The abdomen is supposed 
to possess seven segments, though the last one is so rudimen- 
tary that its existence as a true segment has been denied by 
some. 

The deep line running across the back of the carapace, in 
the crawfish and lobster, is called the cervical 9utv/re. 

The following outline represents a sowbug, with the 
regions of the body marked. Compare this with Fig. 125. 

head. 



th&raoB' ■ 




abdomen. 
Jto. 187.— SowBue, wiTB Saeioxrs or Body masked. 



OHAPTEE XIX. 



BIVALVE CBTJSTAOEANS ACTD BABNAOLES. 

134. The crustaceans during their growth shed their hard 
outer covering at intervals, and, in this as in many other re- 
spects, resemble the spiders. In the possession of gills, in- 
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stead of air-cavities, the crustaceans show a marked difference 
between themselves and spiders. 

Now, there are himdreds of minute crustaceans in which 
it would be hard to recognize any close relations between 
them and the crustaceans already studied. 

Among these odd forms may be mentioned certain little 
animals abundant in ditches and pools throughout the coun- 
try. Some of these creatures are smaller than a pin's-head ; 
others are as large as an ordinary white bean. 

At first sight they might readily be mistaken for bi- 
valve moUusks, as the body is covered with a bivalve shell, 
which partly opens and shuts, and is firmly attached to 
the body within. If the pupils are fortunate enough to 
collect some of these creatures in a net and watch them as 
they actively dart about in a jar of water, they will at once 
see the difference between them and the clam or mussel. 

Instead of the animal's projecting a soft and fleshy foot 
with which to creep slowly along, as in the mussels, they will 
see numbers of little jointed, swimming legs partly protruded, 
and jointed antennae thrust out in front ; and, if their eyes 
are keen enough, may detect a little black speck just above 
the antennae, which represents the eye. 

The following figures represent a species collected in 
Dubuque, Iowa, and another form from Lynn, Massachusetts. 

135. The concentric lines on the shell appear like lines 
of growth, and such they really are ; but they are not made 
like the lines of growth on the mussel. When the creature 
moults, the delicate skin covering the antennse and swim- 
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ming legs is discarded. The moulting process also takes 
place with the bivalve shell, but, instead of its being dis- 
carded, the moult is held or cemented to the new shell which 
forms underneath. Moult after moult of the shell is thus 
retained, the increasing size of each moult showing as sep- 



2> 



J3 







Tm. 188.— Fsssh-Watkb Grustaosahs; 2>, Species from Dubnqne, Iowa; «, Eye. The Hue 
below indicates the natural length of the specimen ; L, Spedea from Lynn, Mass. : this la 
figured the natural size ; 8 presents a highly-magnlfled section of one of the sheila, to 
show the snccessive moults, these being numbered in their order of moulting; 3 shows 
the appearance of a portion of the edge of the shell along the back, representing the snocea- 
slye moults lapping one over the other. 



arate concentric lines of growth. K the shell is cut into 
and the cut edge is examined with a microscope, the succes- 
sive moults will be seen resting one upon the other, like the 
leaves of a book. By reading carefully the description ao- 
companying Fig. 138, the pupils will learn more about it. 

The very young stages of these creatures have some 
resemblance to the young of the barnacle shown in Fig. 141. 

136. Another group of animals classed with the Crustacea 
IB still more unlike the forms already studied. These are 



150 



FIBST BOOK OF ZOOLOGT. 



the barnacles. They are found in immense nnmbers cover- 
ing the rocks and piers in places between high and low 
water mark. In nearly all places along the coast the rocks 
are whitened by their numbers. Pupils living inland can 
get specimens of the barnacle by visiting places where oys- 
ters are received in the shell ; and, by examining the shells 
as they are thrown away, may now and then come across 
good specimens. With a stiff brush and some water the 
mud may be washed off the shell, and then the creature will 
present the following appearance. 




Fes. 1S9^^BaxsjLCXM on Otbtbb-Sbsll.— The drcnlar soar on fhe shell Indicates the place 

ftom which another barnacle had been taken. 



The barnacle-shell is round and conical, broad at the 
base by which it is firmly attached to the rock or whatever 
object it grows upon. The walls of this shell are composed 
of six pieces whose edges overlap each other. The opening 
in the top of the shell is closed by four plates which tightly 
fit together. 

In collecting these creatures for the purpose of studying 
them alive, care must be taken in breaking them from the 
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rock. It will be mucli better to take them from the wooden 
piersy or, if possible^ specimens should be collected attached 
to some pebble. These may now be placed in a jar or bowl 
of salt-water ; and, if they are watched closely, there will be 
seen a set of fringed arms, like hairs, throst out at the top of 
the shell, which, stretching out with graceful cm'ves, close and 
partly retract within the opening. This motion will be con- 
stantly and rapidly repeated. There are six pairs of these 
appendages, and they are flung out in this way to grasp the 
minute particles in the water, which serve them as food. 
The arms being jointed and fringed with delicate hairs, the 
whole combined forms a sort of net. In Fig. 140, G^ the 
tip of one of these arms is shown, highly magnified. 






Fio. 140.— A, Bide-View of Barnade, Natural Size, showing Appendages protruded fiv Food; 
J9; Top-View of same closed ; Ci; hlghlj-magnifled View of the Tip of one of the Appendages. 

137. Inland pupils may break open the barnacles collected 
on the oyster-shell, and, taking out the soft parts, may examine 
them by placing the parts in water, when the fringed arms 
become apparent ; and under the microscope the delicate hairs 
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whicli fringe the arms may be Been. The jointed stracture 
of these appendages and their arrangement in pairs show 
that the creature does not belong to the shell-fish or mol- 
lusks, as its shell might seem to indicate. 

In past times many .able naturalists classed these creat- 
ures with the moUusks, because they judged from the ex- 
ternal appearances of the shell, which was limy. A careful 
study of their anatomy and development proved their rela- 
tions to the crustaceans, and that they had no affinities what- 
ever with the mollusks. In their growth they moult, in this 
act shedding all the skin, and at ceii;ain times in the summer 
the water will contain myriads of their cast-off skins. The 
shell, however, is not shed. 







D 



FiQ. 141.— Eahlt Stages of a Babkaclb: A^ shortly after leaving the Egg; e, Eyes; R, 
having acquired a Bivalve Shell, and jost before becoming attached, represented npside 
down ; C7, Appearance after becoming attached— Side- View ; D, Top- View of atiU later Stage, 
with the Shell forming around it ; E^ Side-View of Later Stage, showing Appendages pro- 
traded. (The little marks at the sides of the figares indicate the natural size of the object 
j1, a highly magnified; all of these Views are magnified, and, with the exception of i>, 
•re reduced flmn figures of C. Spence Bate.) 
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138. The young come from eggs as free-swimming ani- 
mals, furnished with eyes and jointed appendages provided 
with hairs. In this condition they swim about for a while, 
and then acquire a bivalve shell, and in this state remotely 
resemble tlie little creatures shown in Fig. 138. 

In Fig. 141, the letter A represents its first appearance 
from the egg. Its next appearance with the bivalve shell is 
shown at B. After remaining a free-swimming animal for a 
while it becomes attached to the rock, adhering by means of 
appendages on the head, and, then moulting, it loses its former 
appearance ; the appendages change their proportions, new 
parts are added, the eyes disappear, a limy sheU gradually 
forms around it, and it assumes characters entirely unlike 
those of its earlier stages. 



CHAPTER XX. 

WORMS. 

139. Among the animals thus far studied, having a body 
composed of segments, the pupils have seen that in all cases 
the appendages were jointed, that is, the legs and antennae 
were composed of distinct segments or joints ; and, with the 
exception of the myriapods, or centipedes, the animals pos- 
sessed a limited number of segments to the body. 

In the group of animals now to be studied — the worms — 
the body has, generally speaking, an indefinite number of 
segments, and there are no jointed appendages attached to it. 
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The most accesBible worm is the common earthwonn. 
Specimens can be collected by digging for them in damp 
earth ; and thej may be f onnd nnder almost any board or 
rock which has lain for some time. 

The worms may be washed by placing them in a bowl 
of water, where their movements wiU soon remove the 
dirt. 

The body is composed of a series of rings or segments, 
which are alike in form, except those at the extremities, 
which differ. The body tapers at both ends. The forward 
or anterior end tapers to a blont point, while the hinder 
end becomes broad and flattened. 

By carefully watching the worm when it shortens up 
after a long stretch, there will be seen, projecting from the 
sides and lower portion of each ring, minute points, which are 
the ends of little bristles protruding from openings in the 
sides. These bristles as they move project backward. 




Fia. 142^-^:k>iaiOH Eaetbwobm. 



The worm moves along the ground by the aid of these 
bristles, or seUBj as they are called. The body alternately 
lengthens and shortens. When the body lengthens, the setie 



WORMS. 



155 



on the hinder segments of the body prevent its stretching 
backward, becanse the setse pointing backward stick into the 
ground ; the body therefore can lengthen in only one direc- 
tion, and that is in a forward one. Then, when the body 
shortens, the setsd in the forward segments stick into the 
gronnd, and the hinder part of the body is drawn up, and 
by this method the creature moves along. 





A B 

Fie. 148.— Eoa-GAFSUUES or Lseoh, A; and YouNa Lbxoh, J?.— The eifg-capsnles are 
drawn natural size. The yoong leech, which was taken from the egg-capsule, is drawn 
greatly enlarged, the little line aboye showing its natoral size. 

140. Another very common worm is the leech. Speci- 
mens may be collected in almost any pond or lake, and kept 
alive in jars of water. The creature is flat and broad, and 
in some species is furnished, at the hinder end of the body, 
with a sucker, while in others it has a sucker at each end of 
the body. It crawls by means of these suckers, and swims 
through the water by an undulating movement of the body. 
The eggs of the leech are laid on the leaves and stems 
of plants which grow in the water. The eggs are contained 
in little oval and flattened capsules, and these capsules are 
laid side by side. In Figure 143 A represents two capsules, 
in which the little leeches can be seen ; B represents the 
figure of a young leech greatly enlarged, showing the eyes 

o 
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and mouth, at one end, and the sucker at the hinder end. 
The body being nearly transparent, the internal organs show 
through. 

The species of worms in fresh water are few in number 
and quite small. The ocean seems to be their true home, 
all along the sea-coast occur a great variety of worms, many 
of them of large size. 

141. Pupils who have access to the sea-coast may collect 
them between high and low water mark. Certain species 
may be obtained by turning over stones and others by dig- 
ging either in muddy or sandy places. After a violent storm 
from the ocean, many kinds of worms are thrown up, and 
may be found in pools left by the receding tide. The roots 
of large sea-weeds also afford shelter to certain kinds. All 
of these creatures may be kept alive for a few days, 
though considerable care is required, and those not experi- 
enced in keeping salt-water aquaria are warned to exclude 
these animals. 

They may be best studied by being placed in shallow 
bowls or plates, and there will be much to admire in their 
graceful motions and curious ways. 

142. A very common form is found under stones at low 
tide. The body is composed of a great many segments, 
from the sides of which project little appendages of varipus 
shapes, and also bunches of bristles which can be plainly 
seen as the creature moves. The head, instead of being 
simple as in the earthworm, is surmounted by various 
feelers. 



Anotlier epecieB very common on tLe sea-Bhore, onder 
stoneB, IB mndi shorter than the one just described. It b&s 
two rows of oval scales along the back, and the month is fur- 



nished with powerful jaws, which work np and down. When 
they are placed in alcohol these jaws generally protmde. 

143. Some species have a curious way of protruding 
their cesophagua when they seize their food, at the end of 



Tia. Itf.— A BiA-Wou with BaiLn.— Tlie eru Duy be Mni, fcor In number, between th> 
Avwnrdiaku. 

which appear the jaws, like sharp elaw-ehaped teeth. The 
following figure shows the anterior end of one of these 
worms, with the (esophagus protruded, in the act of se- 
curing its prey. 

Certain other sea-worms buHd tubes of mnd or sand 
in which they live, and many of these have btmcheB of 
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thread-like feelers on the head. If these worms are taken 
from their tubes and placed in a plate of sea-water in which 




Flo. 146.— AsTXBlOB PoxTXOV or ▲ Ssa-Woxm, with ths GEbophagvb Tmn/TRxmtD.—iB, 

(Eflophac^; ^, Jswb; A, Head, 

are contained also particles of dirt or sand, they will begin 
to build a new tube, and for this purpose the threads on the 
head will stretch out like delicate rubber cords, and, becoming 
entangled in the particles of dirt, will draw them toward the 
head, when the appendages on the body will mould it around 
them in the shape of a tube. 









. I A 

Fig. 147.~Sxa-Wox](b which make Lranr Tubkb.— il, Worm with Irregalar Tabe, the Hue 
/indicates natural length; £, Wonn with Spiral Tahe, enlarged; 0^ Piece of Sea- Weed, 
Bhowing the Appearance and Natural Siie of these Spiral Tubes attached to it. 

Other worms deposit a hard, shelly tube of lime. Some 
of these are irregular in shape, as in Fig. 147, A. Other 
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species build the tube in a coil, looking very much like a 
snail-shell, as in Fig. 147, B. This form is very common on the 
ordinary rock- weed, and may be collected in the debris thrown 
up by the waves. Pupils should collect these, and, if possi- 
ble, watch the little creatures as they protrude the feathery 
appendages which surround the head. In the forms figured, 
one of the appendages is modified into a sort of plug, and, 
when the worm retires within the tube, the plug stops up the 
aperture securely, as certain snails close the aperture of their 
shells with an operculum. 

144. In studying the affinities existing between animals 
in order to group them together naturally, the pupils should 
learn how unsafe it is to judge by the external appearances of 
the animals to be classified. For example, the little worm £ 
just described has a coiled, limy shell, which might easily be 
mistaken for the shell of a snail. Yet the slightest examination 
of the soft parts within shows that the animal is made up of 
segments, and . that, minute as it is, there are bunches of 
bristles, or setse, projecting from the sides of the segments, 
and from these and other characteristics the creature is proved 
to be a true worm, having no affinities with the snails. The 
barnacles too have a limy shell; -yet, when the creatures 
within are examined, their affinities with the crustaceans are 
seen at once ; and, although distinguished naturalists in past 
times grouped them with the shell-fish, or moUusks, they 
properly belong to that class which includes the lobster and 
crab. 
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CHAPTER XXI. 



CONCERNING NATURAL GROUPS. 



145. The pupils have seen, thus far, not only that tha 
various creatures studied differ greatly in their structure, but 
that some are complex or elaborate in their characters, while 
others are quite simple. But, while these animals differ 
so much among themselves, there are certain characteristics 
which many of them have in common, as in the crustaceans 
and insects, for example, where all of them have the body 
divided into transverse segments, and the appendages are all 
jointed. These features, which are common in large assem- 
blages of animals, are the essential characters by which they 
are brought together into great groups or divisions. Thus, 
all those animals which have the body jointed, that is to say, 
divided into a series of segments, as in the worms, crustaceans, 
and insects, form the great branch of Articulates of Cuvier, 
because Cuvier, the celebrated French naturalist, first applied 
the name Articulata to an assemblage of animals which in- 
cluded the worms, cTustaceans, and insects. Since then natu- 
ralists have separated the worms from the crustaceans and 
insects, and have made a great branch of them called Vennes, 

The worms differ from the other two classes with which 
they were associated by Cuvier in not having jointed legs, 
and, generally speaking, in not having the segments grouped 
together into regions. 
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In worms, too, the segments are far more nnmerons, and 
there is no fixed or definite nnmber of them as in the crus- 
taceans and insects. The name Articulates is therefore aban- 
doned, and the crustaceans and insects are united in one 
branch or sub-kingdom, and called Arthropods^ a word de^ 
rived from two Greek words, meaning jointed foot, while 
the worms are embraced under another sub-kingdom. Vermes. 
The clams, oysters, mussels, snails, and the squids or cuttle- 
fishes (a class of animals which have not been mentioned 
in this book), have certain essential features in common, 
and so thej are included in another great branch or sub- 
kingdom called MoUusks, from a Latin word, moUis, mean- 
ing soft, because the bodies of these animals are soft, though 
often protected by a hard shell. The name Mollusca as 
applied to these creatures is very inexact, because there 
are other animals, such as the worms, for example, which 
are soft-bodied, yet having no relation whatever to the 

shell-fish or Mollusca. 

146. Now, these divisions or branches not only indude 
animals which are simple in their structure, but animals 
which are very elaborate. All the animals in each great 
division, however, must embrace creatures that possess the 
same essential characters. With a knowledge of these essen- 
tial features, it has been customary to make a diagram of a 
theoretical animal out of these characters only. This theo- 
retical figure is called an archetype, meaning an ancient type, 
or first type, and the characters composing it are hence called 
type-oharacterSy or typical characterSy and that animal which 
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possesses most of these eha)*aeter8, in the plainest manner, is 
called a tyjpicaZ animal. This mode of presentation applies 
as well to smaller groups as to larger ones. Thus in the 
crustaceans, the lobster and crawfish might be called typical 
crustaceans, as being the types or representatives of the class, 
while a barnacle would certainly not be looked upon as a 
typical animal of this class, though belonging to it. In 
the same way an insect without wings would not be looked 
upon as a type of the insects, because one of the leading 
characters of the class of insects is the possession of wings. 

In making systematic tables to show the relative grade 
an animal occupies, the simplest groups may be placed 
lowest in the list to indicate their inferior position. For 
instance, if the arthropods were to be arranged in a sys- 
tematic table, those which have no lungs, but gills instead, 
would be placed lowest, because it has been found in other 
classes of animals that oftentimes the young or immature 
animal has gills which are afterward replaced by cavities for 
the purpose of breathing air direct, and the immature animal 
is regarded as less perfect, or lower in its organization than 
the mature or adult form. Consequently the crustaceans 
would be placed lowest in the scale. Then would come the 
air-breathing arthropods, and lowest among these would 
come the spiders, as the head is not specialized from the 
thorax. Next would come the myriapods, as in these the 
head is specialized as in the insects. And, finally, the true 
insects would come highest, as here the legs are reduced to 
three pairs, the head as well as the thorax is definitely sepa- 
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rated, and now the creature lias added to it wings by means 
of which it has new means of locomotion. This, however, 
refers only to the most prominent types. 

If the table is to be arranged to show the highest animals 
in the highest part of the column, it would be arranged as 
follows : 

I Inseete. 

^IB-BBKATHINO AXTHBOPODS. J MyfiopodB, 

ARTHROPODS. I ' ^pidera. 

WATKB-BBEATHD7G AbTHBOPODB. ■{ CVtMtoCMItttf. 



This is classification: to classify animals is to bring those 
creatures together which have certain leading features in 
common. And these classes may be divided again and again 
• into smaller groups. 

As, for example, the insects proper : if the pupils were to 
divide them into smaller groups, the beetles would come 
together as one group, no matter what their shape or size ; 
moths would form another group ; the bugs another group, 
and so on. 



CHAPTER XXIL 

CHARACTERS OP VERTEBRATES. 



147. The lessons thus far presented have been upon creat- 
ures belonging to three great divisions of the animal kingdom, 
the MoUusks, the Arthropods, and the Worms. There are 
many other groups which represent other great divisions of 
the animal kingdom, of which no mention has yet been made. 
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and upoa some of which a few brief lessons will be given. 
The material to be collected for this lesson should consist 
either of salamanders (or lizai'ds, as thej are incorrectly 
termed) or water-newts. The salamanders may be found in 
groves and forests, under rotten logs or bark. They are 
absolutely harmless, though many people regard them as 
poisonoujs. Water-newts are similar to the salamanders, ex- 
cept that they live in the water, and the tail is often provided 
with a fin. 

The following figure (Fig. 148) represents a species of 




Fio. U8.— CojofOH Txx«LOW Spotted SALAi^AinnK. 

salamander common to the !N'orthem States, and also found 
at the South. Its color is bluish black, with a row' of ir 
regular shaped yellow spots on each side of the body. 

In studying the external characters of the salamander, 
the pupils will observe the following features : 
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The animal has a head with a slight constriction between 
it and the body. The head has two eyes, capable of being 
closed by movable lids. The mouth opens transversely; 
that is, the lower jaw is on the nnder part of the head, and 
moves up and down. In the insects and Crustacea, the jaws 
are on the sides of the head and open sideways. The 
jaws have minute teeth, and in large salamanders the teeth 
can be felt by rubbing the, finger along the edge of the 
mouth. On the front of the head there axe two holes repre- 
senting the nostrils. The creature has four short l^s, a for- 
ward pair and a hinder pair ; it has short feet also, with four 
toes on each forward foot, and five toes on each hinder foot. 
The tail, which is quite as long as the body at its commence- 
ment, is nearly as wide as the body, but tapers gradually, 
and becomes flattened at its end. 

U8. How diflEerent in every respect is this creature from 
the animals thus far studied in this book ! and yet, if the sal- 
amander is compared with a dog or cat, the characters men- 
tioned above will be found in each. The cat has also a head 
containing two eyes with movable lids ; the lower jaw is on 
the under part of the head and moves up and down and the 
mouth opens transversely ; it is furnished with teeth, there are 
four legs with feet and toes, and the creature has a tail. But 
there are also importajit differences between the two : the cat 
has external ears, while the salamander has none, though it 
has parts which enable it to hear. , The cat's skin is covered 
with hair and is dry, while the salamander has no hair upon 
it and the skin is alwavs moist. The cat has sharp daws, 



166 FIRST BOOK OF ZOOLOGY. 

while the salamander now being described has none. On 
touching the cat it feels warm, while the salamander feels 
cold to the touch ; with the cat the young are bom alive, and 
the little kittens have the same general features as the parent- 
cat. The salamander lays a number of eggs, and most of the 
species lay their eggs in the water ; when these hatch, the 
creatures coming from them have no lungs and cannot 
breathe air directly, but have gills instead. More curious 
still is the fact that, when the young creature hatches from 
the egg, it has no legs, these appearing afterward as the ani- 
mal grows. 

The following figure represents the appearance of a young 
salamander ten days after hatching from the egg. The gills, 
appearing like feathers, are seen on the sides of the neck. 




9 
Fig. 149.— TotWG Salamakdeb.— ^, g^ Gilla.— (After a figure by Dr. P. B. Hoy.) 

149. Thus, while there are important differences between 
the cat and the salamander, there are also many points of re- 
semblance ; and, if the arrangement of bones constituting the 
skeleton be examined, a still closer resemblance may be seen. 
Within the body the salamander has a series of bones which 
together form the skeleton. The most important part of the 
skeleton consists of a row of bones which runs along the cen- 
tral line of the back of the body from the head to the tip of 
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the tail. This row, or column of bones, is called tlie vertebral 
column^ and the bones composing it are called the vertebrm. 
The bones of the head combined form the skull or cranium. 
The ribs, which in the salamander are rudimentary, are at- 
tached to the sides of the body vertebrsB. The boues of the 
fore and hind legs are similar, though they are called by 
different names. 

A series of bones just back of the head, the longest of 
which is the shoulder-blade, forms.the scapular arch ; to this 
girdle the first bone of the fore-leg is joined. Other bones 
at the hinder part of the body form the pelmc girdle, and to 
this the first bone of the hind-leg is joined. 

150. It will be a diflScult task for the pupils to remove 
the flesh from a salamander so as to show the bones united, 
and it will also be diflScult to prepare the skeleton of a cat ; 
but the pupils may learn something about the bones and their 
attachments by gently handling the creature. Strauss-Durk- 
heim, a celebrated naturalist, when he was writing his famous 
work on the cat, used to hold one of these animals for hours 
in his lap, while he felt of the muscles and other portions of 
the body. 

The following figure of a cat shows the position of the 
bones in outline. 

Along the back is a series of prominences which indicates 
the vertebral column, or, as it is usually called, the backbone 
or spine. On the sides of the body the ribs may be felt like 
bars or ridges. The shoulder-blades, or scofpiJ^y are promi- 
nent bones, forming the shoulders, and from these the bones 
of the fore-legs start. 
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The bones of the pelvic areiiy or pehia, maj be readilj 
detected, and from these the hind-legs start. 



Fra. ISO.— Oat, witb Bom* or Bisbt Bisi dkawh.— Oo, Cmdam ; m, Bevol* tr BbaaUv 
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*ad Flbalii ; 1, Thwu ; 6, Hatattrsu ; 9, FlulugBt ; i, iBDomlwte Bono « atualwr 
of Bonu eouUood, fiuiolDg Uu Pelrio Aick; c, Yertobnl CoLnmiL 



151. This mode of examining the bonee ia boj 
BiQce it would hardly be poseible for pupils to prepare a 
proper skeleton, ' and because few of the musemos of the 
conntrj to which they would have access possess skeletons 
of this kind. Now and then there may be found upon the 
beach a nicely-cleaned skeleton of a dog or oat, made eo by 
little creatureB whieh have fed upon the fleeh, and thia may 
be used for study. 

Ab milike as the salamander and cat are in some respects, 
in many charaeterE, both ext^nal and internal, they are re- 
markably alike. 

If one of the body vertebrtebe examined, there will be 
found a central bony mass, in the upper side of which will 
be f onnd a hole which is made by die bone growing up from 
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each side of the bony mass, arching over, and uniting above. 
All of the vertebrae, except those in the tail, possess this chan- 
nel or tube. 

Within the skull is a mass called the brain, and ronning 
from this through a hole in the skull is a long white cord 
called the spinal cord or cerebro-spvaal cord^ and this always 
runs along on the back of the spine or vertebral column, 
passing through the arch or hole of each vertebra just de- 
scribed. In fact, the spinal cord is protected from injury by 
passing through this bony tube. 

These features with various modifications will be found 
in all animals having a vertebral column, that is, a central 
longitudinal axis either of bone or of cartilage above which 
runs the spinal cord. 

The impulses of the animal to move originate in the 
brain and, passing along the spinal cord, run o£E by means of 
nerves, to animate the movements of the muscles. As a proof 
of this, if the spinal cord be injured, the parts behind and 
below it are rendered helpless. 

The ribs passing from the vertebrsB arch below, and 
form another and much larger cavity, in which are contained 
the organs which contribute to the body's growth, such as 
the Ixmgs for breathing, the heart for propelling the blood, 
the stomach for digesting the food, and so on. The follow- 
ing figure represents a body vertebra to which are attached 
a pair of ribs with the cavity above, in which is contained 
the spinal cord or cerebro-spinal cord, and the cavity below, 
in which are contained the lungs, heart, stomach, etc. 
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152. If we compare the hind-leg of the salamander with 
our own leg, we shall find essentially the same arrangement 
of parts, namely: the leg bending at a joint in its middle, or 
the knee-joint, and below this joint another one called the 
ankle-joint. In that portion of the leg above the knee-joint 
there is one long bone called thefemtir which joins or articu- 
lates with the pelvic arch. In the leg below the knee-joint 
there are two long bones side by side, called the tibia and 
fhvla. In the ankle-joint there are a number of small 
bones closely packed together; these are called the ta/r%al 
ioneSf and together form the tarsus. In the body of the 
foot there are several bones upon which the toes rest, and 
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these are called the metata/rsal bones, and together form 
the metatarsus ; and finally come the bones of the toes called 
phalanges — ^a long series of names to remember, yet they 
apply to every animal possessing a vertebral column and 
having legs. 

153. The fore-legs of the salamander have similar joints, 
the elbow-joint corresponding with the knee-joint, the wrist- 
joint corresponding with the ankle-joint. Above the elbow 
there is one long bone called the humerus^ and this articu- 
lates with the shoulder-blade, or scapula, as it is called. Be- 
low the elbow are two long bones side by side, called the 
radius and vlna. In the wrist are a nimiber of small bones 
called carpal bones, which together form the carpus ; and 
then follow longer bones corresponding with the metatarsal 
bones, and these are called the metacarpal hones, and to- 
gether form the metacarpus; and finally the bones of the 
fingers, which are also called phalanges. The following fig- 
ures represent the bones of the right fore and hind leg of 
a species of salamander common to the Northeastern and 
Middle States. 

With the aid of a good hand-lens the pupils may see 
these bones in the leg of any small salamander by observing 
the following directions : having secured a live salamander 
the animal may be killed with ether ; now, if the leg be cut 
off and gently pressed between two thin pieces of glass, the 
flesh will be found suflSciently translucent to show all the 
principal bones quite distinctly : 
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1S4. All animals poesesBing a vertebral eolomn have es- 
sentially the same external features ae Lave been fpven in 
the preceding lessons on the salamander and the cat ; that 
is, they have a head conttuning two eyes with movable lids, 
a month opening transversely and generally furnished with 
teeth ; and, with the exception of the snakes and a few other 
creatures, possesdng two purs of legs — a fore-pair and a 
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hind-pair — and internally having a skeleton embracing the 
features already noticed. 

In the fishes the head is continuous with the body, the 
fore and hind legs are represented by fins, one pair directly 
back of the head, corresponding with the front-legs, and an- 
other pair of fins, which represent the hind-legs, variously 
situated behind, below;, or even in front of the first pair. 

155. The animals which possess a vertebral column, and 
hence called Vertefyratea (from the Latin word verto^ ^^I 
turn"), are the fishes, frogs, toads, salamanders, snakes, liz- 
ards, turtles, crocodiles, birds, and the warm-blooded, four- 
legged beasts, such as the cat, dog, sheep, horse, and elephant. 
These last-mentioned creatures belong to a large class of 
animals called Ma/mmaUa^ the leading features of which are, 
that the young are bom alive, and the mother nurses the 
young. 

The fishes, frogs, toads, salamanders, snakes, lizards, tur- 
tles, and crocodiles, and others like them, are cold-blooded, 
while the birds and mammals are warm-blooded, and all of 
them, except the mammals, lay eggs from which their young 
hatch. The fishes, snakes, lizards, and other reptiles are, 
generally speaking, covered with scales. The frogs, toads, 
and salamanders, are smooth-skinned; the birds are covered 
with feathers, whUe the mammals, with few exceptions, are 
clothed with fur. In the general grouping of the verte- 
brates the fishes and amphibians — ^namely, the toads, frogs, 
and salamanders — form one group, the reptiles and birds 
form another group, and the mammals a third group. 
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With the exception of the fishes, the similarity in the 
character and arrangement of the bones of the skeleton of 
every vertebrate is remarkable. Even the birds, which are 
apparently so different from the mammalia on the one hand 
and the turtle and salamander on the other, are yet quite 
similar to each in the general character and arrangement 
of their bones ; and if the young bird, while yet in the egg, 
is examined, the presence and affinities of certain bones are 
very clearly seen. 



CHAPTER XXm. 

BONES OF THE LEO AND WING OF BIRDS. 

156. OuB pupils have learned by this time how impor- 
tant it is to study the very young animal in order to deter- 
mine its relationships. Thus in studying the young barna- 
cle the affinities of the creature were more readily recog- 
nized, and in the affinities of the parts of the animal, by 
studying the young spider the palpi were more easily seen to 
be modified legs. Now, as an interesting example of the 
necessity of studying the young or early condition of an 
animal, a bird is cited. 

The fore-leg in the bird is represented by its wing, and 
in studying the bones of the wing of an adult bird but little 
resemblance can be seen between them and similar parts in 
other vertebrates. The humerus, radius, and ulna are plain 
enough, it is true, and, when the pupil has a chance to pick 
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the flesh from a chicken^s or a turkey's wing, he may observe 
these bones easily enough. The bones of the wrist and 
hand, however, seem to be few in number and curiously 
grown together. 



oarpua 



mttaearpua ' 




phakmgea 
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157. If, however, a young bird is taken from the egg 
before the parts are fully formed, the bones of the wing 
will be found separate and distinct, and the relation be- 
tween the wing of the bird and the fore-leg of other verte- 
brates becomes more fully apparent. 

So constant are the characters of these parts in all birds, 
that a robin, a sparrow, a pigeon, or a chicken, will reveal 
the parts quite as distinctly as the larger birds. 

In the embryo bird, that is, a bird while still in the egg, 
the wing and leg appear far more alike than in the adult, as 
may be seen by looking at the following figures of embryo 
birds : 
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If, now, tlie bones of the wing of an embryo bird be ex- 
amined, the bones of the extremity of the wing, instead of 
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being cIoBel^ welded together as in Fig. 153, are found to 
be separate, and the carpal bones, of which only two were 
apparent in the full-grown wing, are now separate and four 
in number. The wing at this stage looks more like a three- 
toed foot. Fig. 155 shows the appearance of the wing of an 
embryo bird. 

As the bird develops, the bones of the fingers gradually 
approach and some of the bones grow together till they 
present the appearance shown iu Fig. 153. 

158. The bones of the leg grow together in the same way. 



— Out I^ lows poctloB of 
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The foregoing figure {see page 177) represents the lower 
portion of the leg-bones of a l]ird. 

It will be seen that three of the metatarsal bones, corre- 
Bponding to the three long toes, are combined ; their ends, 
where the toes join on, appearing separate, while the meta.- 
tarsal bone cd the short toe on the side remains separate from 
the others. 

At the ankle-joint, or tarsus, there are no separate tarsal 
bones to be seen, nor would their existence be known, except 
theoretically, without an examination of the embryo. 

The following figure represents the appearance of the Ic^ 
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of an embryo bird greatly enlarged, showing the bones in 

place. 

At this early stage, not only the metatarsal bones are 

seen separate, but the bones of the tarsus, four in number, 

are well marked and distinct.^ 

The many strange modifications in the shape and propor- 
tions of the legs of vertebrate animals are accompanied by 
similar changes in the arrangements, number, and proportion 
of the bones of these parts. 

Thus, in the short leg of the salamander {see Fig. 152) 
the bones of the tarsus occupy a space about as long as that 
of the metatarsus. In birds, on the contrary, the tarsus is 
very short, while the metatarsus is very long. 

159. If the pupils will observe the hind-leg of the toad 
or frog, they will see that not only is it much longer than the 
fore-leg, but that an extra joint seems to be added in the foot. 
An examination of the bones shows that the first two tarsal 
bones are very long, while the other tarsal bones are very 
short ; so that in this case the tarsus combined is much longer 
than the metatarsus. The following figure represents the 
right hind-leg of a young toad while still in the tadpole 
state, though the adult shows the same features. 

The above brief lessons on the vertebrates do not even 
embrace an outline of the structure and habits of any of 
the classes, and they are given only as suggestions toward a 
method of study, and to point out the essential paths to fol- 

* The author has seen the tarsal bone, marked t, in the heron, tern, and sea- 
pigeon. 
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low, in order to gain an insigbt into ttie affinitieB existing 
between the varioiiB gronps eompofflng this great branch of 
animala. 



Fio. 1B8.— BoHm o; 



There are still other large classes of animals forming 
branches or enb-kingdoms quite distinct from those alreadj 
studied, and represented by animals which live in the sea, 
STieh as the star-fish, sea-urchin, jelly-fish, and sea-anemone, 
of which no mention will be made in this hook. There are 
also many classes, belon^ng to bruiches already touched 
upon, which have not been alluded to. These will be fully 
dealt with in the second hook, now in preparation. 
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CHAPTER XXIV. 

r 

GLASSES AND SUB-EINGDOHS. 

The following figures illustrate the classes and sub-king- 
doms which have been dealt with in this book, with their 
technical names : 

SuB-KiNanoM Mollusoa {ClamSy SnaUs^ Squids^ etc.). 

Class Gasteropoda (snails, periwinkles, limpets, etc.). — 
Animals whose bodies are generally inclosed in a mantle or 
sac, which usually secretes a shell composed of one piece, and 
this often assuming a spiral shape. The body rests upon a 
broad, creeping disk called the foot^ and this part represents 
the ventral portion or belly of the animal. The name Gas- 
teropoda is derived from two Greek words, gaster^ the belly, 
and poriSy foot. The following figures represent a few ani- 
mals of this class : 
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Gabtzbopods. 



Class Acephala (clams, oysters, mussels, etc.). — Animals 
whose bodies are protected by a mantle which secretes a bi- 
valve shell, or a shell composed of two pieces. They have 
no well-defined head, and hence the name Acephala, de- 
rived from two Greek words, a, without, and cepJiale, head. 
These animals are also called Lamellibranchiates, because 
the gills form leaf-like membranes or plates on the sides of 
the body ; the word being derived from a Latin and a Greek 
word, lanfieUa, a plate, and hranchia, gill. The following 
figures represent a few animals of this class : 
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Sdb-Kimqdom Abthbopoda {Insects, Riders, 
Crabs, etc.). 
Class Inaeda (beetles, Tangs, butterflies, etc.). — Animals 
■whose bodies are made up of segments grouped together in 
three regions, the head, thorax, and abdomen ; having three 
pairs of jointed legs, and one or two pairs of wings, and 
breathing air throtigh openings in the sides of the body. 
The word inaecta comes from a Latin word, mseoo, I cut into, 
referring to the distinct separation of the body into regions. 
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Class Myriajpoda (centipedes, millepedes). Animals com- 
posed of many segments. These not apparently combined 
into redone, except the head, which is distinct. The nnmber 
of pairs of legs coinciding with the nnmber of segments. 
Breathing air through openings in the sides of the body. 

The word myriapoda is derived from two Greek words, 
murioi, ten tlionsand, sadipoua, foot. 
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Class Arachnida (spiders). Animals vhose bo^ea are 
segmented. , The s^mente grouped together into two re- 
gioDB, the cepbalo-thorax and the abdomen. Having four 
pairs of 1^, and breathing air throngb openings in the body. 

The word arachnida is derived from a Greek word, 
arachne, spider. 




CUus Crustacea (lobsters, crabs, barnacles, etc.). Difficult 
to define, bat including animals which pass through a series 
of monlts in their growth, thoogh in this respect resembling 
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CmsTAOiAm. 



the spiders, ftDd breathing by means of gills, and in this re- 
spect differing from other arthropods. 

SoB-KiNODoM Teecues (worms). Claea Ann^tda (uigle- 
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worms, leeches, certain sea-worms, etc.). Animals whose 
bodies are made up of an indefinite number of segments, 
bearing appendages which are not jointed, and in the larger 
number of groups having bunches of bristles or setcB upon 
the sides of the body which act as supplementary organs of 
locomotion. The name armeUda is derived from the Latin 
word cmnulvsy a ring. 





WOBXS. 



Sub-Kingdom Vertebrata, with the following classes, 
which have been only briefly alluded to : Fishes^ AmphtbianSy 
lieptUeSy Birds, Mammals. According to a late classifica- 
tion of Professor Huxley's, these classes would stand Ichthy- 
opsida^ which includes the Fishes and Amphibians; Sa^i- 
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ropsidaj which includes the Keptiles, and Birds ; and lastly 
J£aifiniaita. 

Ichthyopsida is derived from two Greek words, icMkvSy 
a fishy and opBiB^ appearance. Sauropsida comes from two 
Greek words, sa/uras^ a lizard, and opsis^ appearance. 
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To those who care to pursue the subject more in detail with 
their classes, or to present the history of those groups of anir 
mals of which no mention has been made in this book, the 
author would suggest the following publications, among many 
others of value, as works of reference : 

Woodward*8 Manual of Mollusca. 

Marine Mammalia and American Whale-Fishery. By Oaptun GL H. Scammon, 

\T, a K. M. 
Sea-side Studies in Natural History. By Mrs. Aga88i2 and Alexander Agassiz. 
Corals and Coral Islands. By Prof. J. D. Dana. 
Packard^s Otdde to the Study of Insects. 
Insects injurious to Vegetation. Harris. 
The Annual Reports of the State of Missouri on the NoxSons, Benefidal, and 

other Insects. By Prof. C. V. Rfley. 
United States ilsh Conmiissioners* Report for 1871-^72. By Prof. Spencer F. 

Baird. Containing yaluable illustrated chapters on the Mollusca, Crustacea, 

Worms, etc., by Prof. A. E. Yerrill and S. I. Smith. 
Key to North American Birds. By Dr. Elliot Coues, U. S. A. 
Osteology of Mammalia. Flower. 

A History of North American Birds. By Baird, Brewer, and IQdgeway, 
Canadian Entomologist 
Forms of Animal Life. . BoBeston. 
Methods of Study in Natural History. By Profl L. Agasaig. 



190 NOTICE TO TEACHER& 

And for general inf ormation, the works of Darwin, Huxley, 
Owen, Wallace, Mivart, Lubbock, and the Duke of Argyle, 
and also 

Nature^ a weekly magazine published in London, and contuning an infinite 
variety of contributions from English and Continental naturalists. 

The American NahiralUt^ a popular illustrated magazine of natural history. 
Edited by Dr. A. S. Packard and F. W. Putnam, and published in Salem, Massa- 
chusetts; containing a vast amount of information by Lockwood, Allen, Cones, 
Yerrill, Smith, Steams, Scudder, Emerton, Gill, Putnam, Packard, Hyatt, Mann, 
Marsh, Dall, Cooper, Gill, Cope, Ridgeway, Wood, Abbott, Trippe, Le Conte, 
Wyman, Dawson, Grote, Mayer, Gentry, Shaler, WUder, Aikin, Treat, Perkins, 
Riley, Agassiz, Dana, Hill, Uhler, Edwards, Tuttle, Tenney, Ward, Hagen, Hartt, 
Shimmer, Hartshome, Ritchie, Tilsdale, Hoy, Orton, Lewis, Leidy, Brigham, 
Scammon, Binney, Stimpson, Collins, Fowler, Walker, Jordan, Wright, Norton, 
Maynard, Canfield, Fellowes, Endicott, and others. 

The Popular Science Monthly^ edited by Prof. E. L. Toumans, and published 
by D. Appleton & Co., New York ; containing yaluable illustrated articles by 
American and European naturalists. 

Every school library should, if possible, contain a complete set of Nature^ the 
Naturalist^ and The Popular Science Monthly, For special descriptions of species, 
the miscellaneous collection of the Smithsonian Institution, with contributions 
by Stimpson, Gill, Bland, Binney, Prime, Tryon, and others. Also the American 
Journal of Science and Art, and the publications of the Boston Society of Natu- 
ral History, Philadelphia Academy of Sciences, New York Lyceum of Natural 
History, Buffalo Academy of Natural Sciences, California Academy of Natural 
Sciences, Portland Society of Natural History, Museum of Comparative Zoology, 
Peabody Academy of Science, etc. 

All these last-named publications should be found in the 
larger libraries of the country. 
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XXVm. THE CRAYFISH : an Introduction to the Study of Zoology. 
By T. H. Huxley, F. R. S. With 82 Hlustrations. $1.75. 

XXIX. THE ATOMIC THEORY. By Professor A. Wubm. Trans* 
lated by E. Clbvutshaw, F. C. S. $1.50. 

XXX. ANIMAL LIFE AS AFFECTED BY THE NATURAL 
CONDITIONS OF EXISTENCE. By Kabl Seiipeb. 
With Two Maps and 106 Woodcuts. $2.00. 

XXXI. SIGHT : An Exposition of the Principles of Monocular and Bi- 
nocular VisicMi. By Joseph Lb Coittb, LL. D. With 182 
Illustrations. $1.50. 

XXXIL GENERAL PHYSIOLOGY OF MUSCLES AND NERVES. 
By Professor J. Rosenthal. With 75 Illustrations. $1.50. 

XXXm. ILLUSIONS: A Psychological Study. By Jakeb Sullt. $1.5a 

XXXrV. THE SUN. By C. A. Youno, Professor of Astronomy In tha 
College of New Jersey. With numeroua Hlustrations. $2.00c 
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4 The Intematumal SeientifU Series. — (Oontinned.) 

XXXV. VOLCANOES : What they Are and what they Teach. By 
Jomr W. JuDD, F. R. 8., Professor of Geology in Uie Soyal 
School of Mines. With 96 Illustrations. $2.00. 

XXXVI. SUICIDE : An Essay in Comparatiye Moral Statistics. By 
HsiniT MoRSBLLi, M. D., Professor of Psychological Medi- 
cine, Boyal University, Turin. $1.76. 

XXXVIL THE FORMATION OF VEGETABLE MOULD, THROUGH 
THE ACTION OF WORMS. With Ohscrvations on their 
Habits. By Chablbs Dabwut, LL. D., F. R. S. Withnius- 
trations. $1.50. 

XXXVm. THE CONCEPTS AND THEORIES OF MODERN PHYS- 
ICS. By J. B. Stallo. $1.76. 

XXXIX. THE BRAIN AND ITS FUNCTIONS. By J. Lurs. $1.50. 

XL. MYTH AND SCIENCE. By Tito Vionolx. $1.50. 

XLI. DISEASES OF MEMORY: An Essay in the Positive Psy- 
chology. By Th. Ribot, author of ** Heredity." $1.50. 

XLH. ANTS, BEES, AND WASPS. A Record of Observations of 
the Habits of the Social Hymenoptera. By Sir Johx Lub- 
bock, Bart., F. R. S., D. C. L., LL. D., etc. $2.00. 

XLHI. SCIENCE OF POLITICS. By Sheldow Amos. $1.75. 

XLIV. ANIMAL INTELLIGENCE. By Gbobqb J. RoHAinss. $1.76. 

XLV. MAN BEFORE METALS. By N. Jolt, Correspondent of 
the Institute. With 148 Illustrations. $1.75. 

XLVI. THE ORGANS OF SPEECH AND THEIR APPLICATION 
IN THE FORMATION OF ARTICULATE SOUNDa 
By G. H. yov Mbtbb, Professor in Ordinary of Anatomy at 
the University of Ztirich. With 47 Woodcuts. $1.76. 

XLVn. FALLACIES : A View of Log^o iVom the Practical Side. By 
Alfbed SmowioK, B. A., Oxon. $1.75. 

XLVm. ORIGIN OF CULTIVATED PLANTS. By Alphoksb db 
CAin)OLLB. $2.00. 

XLIX. JELLY-FISH, STAR-FISH, AND SEA-URCHINS. Being 
a Research on Primitive Nervous Systems. By Geobgb J. 
Romanes. $1.75. 

L. THE COMMON SENSE OF THE EXACT SCIENCES. By 
the late William EmoDOir Cuffobd. $1.50. 
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APPLETONS' 

SCIENCE TEXT-BOOKS. 



D. Afflktoh & Co. hBTe the pleaBnre of aDnoancing that in refponse to the 
growing interest in the etady of the Natural Sciences, and a demand for improTed 
text-books representing the more accurate phases of scientific knowledge, and 
the present active and wideniog iield of investigation, they have made arrange- 
ments for the publication of a series of text-books to cover the whole Iield of 
science-study in High Schools, Academies, aud all schools of similar grade. 

The author in each separate department has been selected with regard to his 
especial fitness for the work, and each volume has been prepared with sn especial 
reference to its practical availability for class use and class study in schools. No 
abridgmrait of labor or expense has been permitted in the effort to make this 
series worthy to stand at the head of all educational publications of this kind. 
Although the various books have been projected with a view to a comprehensive 
and harmonious series, each volume will be wholly independent of the others, 
and complete in itself. 



NOW READY. 



THX: XXEMENTS OF CHBM ISTBT. By Professor F. W. Clabxs, 
Chemist of the United States Geological Survey. ISmo. Cloth, $l.fia 

THE ESSBNTIAXS OF ANATOMT, PHYSIOrOOT, AIVD HT- 
OI£NS. By RoGXB S. Tract, M. D., Health Inspector of the New York 
Board of Health ; author of " Hand-Book of Sanitary Information for House- 
holders," etc. ISmo. Cloth, $1.35. 

A COKPEND OF OEOIiOOT. By JosvPH Lb Conte, Professor of Geol- 
ogy and Natural History in the University of California; author of ''Ele- 
ments of Geology," etc 

aXEMENTS OF ZOOI<OOT. By C. F. Holdxb, Fellow of the New York 
Academy of Science, Corresponding Member linnean Society, etc ; and J. 
B. HoLora, M.D., Curator of ZoOlogy of American Museum of Natural 
History, Central Park, New York. 

DESOBiPTlVE BOTANY. A Practical Guide to the Classification of Plants^ 
with a Popular Flora. By Euza A. Youmans, author of ''The First Book 
of Botany," editor of " Henslow*B Botanical Charts." ISmo. Cloth, $1.60. 

Other volumea to/ollow as rapidly as they can he prepared. 
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BOTANY AND ZOOLOGY. 



First Book of Botany. Desired to Cultivate the Obseiring Powers 
of Children. By Eliza A. Youmams. 12ino. 202 pages. 

Second Book of Botany. A Guide to the Stadj and* Observation 
of Plants. By £liza A. Toumans. 12mo. 810 pages. 

Hencdow's Botanical Charts, modified and adapted for Use in the 
United States. By Eliza A. Toumahs. Beamif ally colored. Six 
Charts with Key, mounted on Rollers. Per set, $15.76. 

Green's Primary Class-Book of Botany. Composed from the 
first Part of the Analytical Class-Book. 4to. 102 pages. 

Green's Analytical Class-Book of Botany. Part L Elements 
of Vegetable Structure and Physiology. Part II. Systematic Bot- 
any. Illustrated. 4to. 228 pages. 



Science Primer of Botany. 18mo. 

First Book of Zoology. By Edward S. Horse, Ph. B., formerly 
Professor of Comparative Anatomy and Zodlogy in Bowdcnn Col- 
lege. 12mo. 190 pages. 

Nicholson's Text-Book of Zoology. 12mo. 863 pages. 

Nicholson's Mfl^niiftl of Zoology. For the Use of Students. With 
a General Introduction on the Principles of Zoology. Revised and 
enlarged edition. 243 Woodcuts. 12mo. 678 pages. 

Winners in life's Bace; or, The Great Backboned Family. By 
Arabella B. Buckley. 12mo. 867 pages. 

life and her Children. Glimpses of Animal Life, from the Amoeba 
to the Insects. With upward of 100 Illustrations. By Arabella B. 
BucKLST. 12ma 812 pages. 

The Crayfish. An Introduction to the Study of Zo51ogy. By Thomab 
H. HuxLET, F. R. a With 82 Illustrations. 12mo. 871 pages. 

D, APPLETON d 00., Pubfiahera, 

NEW YORK, BOSTONi CHiCAQO| SAN FRANCISCa 



ASTRONOMY AND GEOLOGY. 



.liOckyer's Elements of Astronomy. Aocbrnpanied with numer 
OU8 Illustrations, a Colored Representation of the Solar, Stellar, and 
Nebular Spectra, and Arago's Celestial Charts of the Northern and 
Southern Ilemisphere. American edition, revised, enlarf^ed, and 
specially adapted to the wants of American schools. 1 2mo. 31 % pages. 

The author*s aim throughout the book has been to give a connected 
view of the whole subject rather than to discuss any particular parts of it, 
and to supply facts and ideas founded thereon, to serve as a basis f cr sub- 
sequent study. The arrangement adopted is new. The Sun's true place 
in the Cosmos is shown, and the real movements of the heavenly bodies 
. are carefully distinguished from their apparent movements, which greatly 
aids in imparting a correct idea of the celestiid sphere. 

The fine STAB-MAPS OF ARAGO, showing the bonndaries of the 
constellations and the principal stars they contain, are appended to the 
volume. 

Science Primer of Astronomy. 18ma 

Elements of Astronomy. By Bobkrt S. Bj^ll, Professor of Astron- 
omy in the University of Dublin, and Boyal Astronomer of Ireland. 
12ma 459 pages. 

Le Conte's Elements of Geology. A Text-Book for Colleges and 
for the General Reader. Revised and enlarged edition. 8vo. 683 
pages. 

This work is now the standard text-book in most of the leading col- 
leges and higher-<:n^de schools of the country. The author has just made 
a thorough revision of the work, so as to embrace the results of all the 
latest researches in geological science. 

Nicholson's Text-Book of Geology. For Schools and Academies. 
12ma 277 pages. 

This book presents the loading prindples and facts of Geological Sci- 
ence in as bridP a compass as is compatible with the utmost clearness and 
accuracy. 

Lyell's Principles of Geolo^ ; or. The Modem Changes of the 
Earth and its Inhabitants considered as illustrative of Geology. Il- 
lustrated with Maps, Plates, and Woodcuts. 2 vols., royal 8vo. 

Sir Charles Lyell was one of the greatest geologists of our age. In 
this work are embodied such results of his observation and research as 
bear on the modem changes in the earth^s structure and the organic and 
inorganic kingdoms of Nature. 

Science Primer of Geology. 18mo. 

D. APPLETON d GO., Publishera, 

NEW YORK, BOSTON, CHICAGO, SAN FRANCISCa 



PHYSICS. 



Qnackenboa'fl Natural Fhilosopliy. Embracing the most Reoeal 
DiBooTeriea in the Yarioiu Brandies of Physics. 12mo. 455 pages. 

The reTised edition of this standard text-book continues to be a favor- 
ite in the schools. Its numerous illustrations (8S8 in number) and full 
descriptions of experiments adapt it specially lor use in institutions that 
have little or no apparatus, and it is particularly happy in showing the 
application of scientific principles in ereiy-day life. 

Oaaot's Natural Philosopliy. For Schools and Qeneral Readers. 
Translated and edited by E. Atkihsok, Ph. D., F. G. a Revised edi- 
tion. 12mo. Ck>piou8ly illustrated. 676 pages. 

Amott's Elements of Physics ; or, Natural Philosophy. Seventh 
edition, edited by Alixandkr Baim, LL.D., and Altked Swaiiob 
Tatlor, M. D., F. R. a 878 pages. 

Elementary Treatise on Natural Philosophy. By A. Prxtat 
Dbschankl, formerly Professor of Physics in the Lyc^ Louis-le- 
Grand, Inspector of the Academy of Paris. Translated and edited, 
with Extensive Additions, by J. D. Everett, Professor of Natural 
Philosophy in the Queen's College, Belfast. In Four Parts. 12mo. 
Flexible cloth. Part L Mkchanics, Htdbostatics, and Pnxuhatics. 
Part II. Heat. Part IIL Electricitt and MAGNBnsic. Part lY. 
Sound and Lioht. Complete in one volume, 8vo. 1,166 pages. 
Illustrated with 783 fine Engravings on Wood and Three Colored 
Plates. 

Science Primer : Physics. 18mo. Flexible cloth. 186 pages. 



Experimental Series. By Alibid M. Matxb and Charles Babnard. 

lAs'^ti A Series of Simple, Entertaining, and Inexpensive Experiments 
in the Phenomena of Light By Alfred M. Mater and Charles 
Barnard. 12mo. 112 pages. 

Sound: A Series of Simple, Entertaining, and Inexpensive Experiments 
in the Phenomena of Sound, for the Use of Students of every Age. 
By Alfred M. Mater. 12mo. 178 pages. 

D. APPLETON d CO., Publishers, 

. NEW YORKj BOSTON, CHICAGO, SAN FRANCISCa 



SCIENCE. 



Huxley and Youxnans's Physiology and Hygiene. By 
Thomas H. Hcxlst, LL. D., F. R. S., and Wuxiam J. Toumams, 
H. D. New and revised edition. With numerous Illustrations. 
12ma 420 pages. 

Coming's Glass-Book of Physiology. With 24 Plates, and nu. 
merous Engravings on Wood. 12mo. 824 pages. 

Toumans's Hand-Book of Household Science. A Popular 
Account of Heat, Light, Air, Aliment, and Cleansing, in their Sci- 
entific Principles and Domestic Applications. With numerous illus- 
trative Diagrams. 12mo. 470 pages. 

Physiography : An Introduction to the Study of Nature. By Thomas 
H. HuxLXT. With Illustrations and Colored Plates. 12ma 

Nicholson's Biology. Illustrated. 12mo. 163 pages. 

Nicholson's Ancient Life-History of the Earth. A Compre- 
hensive Outline of the Principles and Leading Facts of Paleonto* 
logical Science. 12mo. 407 pages. 

Anthropology : An Introduction to the Study of Man and Civilization. 
By Edward B. Ttlor, D. C. L., F. R. a With 78 Illustrations. 
12mo. 448 pages. 

Science Primers. Edited by Professors Hczlit, Roscoe, and Bal- 
vouB Stbwabt. 

ChemistFy H. B. Boboob. 

Physios Balfoub Stbwabt. 

Physical Geography A. Obixib. 

Geology A. Obixib. 

Physiology M. Fostbr. 

Astronomy J.N. Locktbb. 

Botany J. D. Hookbb. 

Logio W. 8. Jbtomb. 

Inventional Geometry W. O. Spbucbb. 

Pianoforte Fbanklui Tatlob. 

Political Economy W. 8. Jbtons. 

Natural Resources of the United States J. Habbis Patton. 

Soientific Agriculture. N. T. Luptov. 

D. APPLETON A CO., Publishers, 

NEW YORK. BOSTON. CHICAQO. SAN FRANCISCO. 



APPLETONS' SCHOOL READERS, 



WH. T. HABRI8, LL.D., avpH uf SehMia, 0L Lemt, MC, 
A. J. BIOKOFF, A. M., Bt^H <tf SutrueHon^ CUtOand, OMa, 
MARK BAILEY, A. M., Inatntdar lf» EUKiOUm, TaU (ktttif, 

CONSISTING OF FIVE BOOKS, SUPERBLY ILLUSTRATED. 



Appletoxui' First Beader. Child's Qusrto. 90 pages. 

In the First Reader the oomUned word and phonic methods are ad- 
mirably developed and carefully graded. In the first 62 pages (Part 1\ 
in connection with beautiful and dbild-life reading-lessons, are taught the 
names of all the letters, the short sounds* of the vowels, and the sounds of 
the consonants and diphthongs. In Part II are found a systematic mark- 
ing of silent letters and the nwre easilv distinguished sounds of vowels, 
and a continued drill in the sounds of consonants. The aim is to make 
the pupil acquainted with the forms and powers of letters, and the sound, 
construction, and meaning of words. The pictorial illustrations have 
been made a feature not only of unusual attractiveness, but are instruct- 
ive and interesting adjuncts to the text, as subjects for study and oral 
exercises. 

Appletons' Second Beader. 12mo. 148 pages* 

This continues the plan of the First, and gives a complete table of all 
the vowel and consonant sounds with their markings according to Webster 
— ^^ A Key to Pronunciation." Pi-eoeding each readii^-lesson the new 
words of that lesson are carefully marked for a spellini^-exerdse. This 
Reader gives prominence to the phonic analysis and the notin*^ of silent 
letters, to the placing of diacritical marks, which must be learned by prao- 
tice in marking words ; also, to the spelling of words and to sentence- 
making, using tiie words occurring in the reading-lessons. 

Appletons' Third Beader. 12mo. 214 pages. 

In this Reader the plan of the Second is continued, with the addition 
of some important features, notably the lessons ** How to read," placed at 
intervals through the book. They form the preliminary instruction in 
elocution which Professor Bailey has developed in this and the succeeding 
volumes in a masterly and unique manner. 

The selection of " comparatively common words," yet such as are easily 
and usually misspelled, numbering about five hundred, given at the close, 
is a feature of very great practioJ value, and answers beyond cavil the 
question sometimes adced, ** Ought not a speller to accompany or precede 
the series t " 

[bU mXT PAQS.] 
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IntTOduotory Fourth Reader. By William T. Harris, A. M., 
LL. D., and Amdriw J. Rickoff, A. M. ISmo. 

Designed for those pupils who have finished the Third Beader, and 
are yet too young or too immature to take up the Fourth. 

Appletons' Fourth Beader. 12mo. 248 pages. 

It is here that the student enters the domain of literature proper, and 
makes the atquaintanoe of the standard writers of ^ English undefiled " in 
thdr best style. Eiaving reodred adequate preparation in the prerioua 
books, he is now able to appreciate as well as to assimilate the higher 
classics now before him. 

A new and invaluable feature in the editorship of this and the next 
volume is the ^Preparatory Notes " appended to each selection, for the 
aid of both teacher and pupiL 

The elocutionary work commenced in the Third Reader is continued 
and gradually advanced to the higher phases of the subject Spelling- 
exercises are also appended, introducing ** Words di£9cult to spell," witn 
both phonic and what are usually known as orthographic principles for- 
mulated into rules. Beautifully engraved fulLpage illustrations embellish 
the interior of Uie book, and render it artisticiJly chaste and attraotiva 

Appletoms' Fifth Beader. 12mo. 471 pages. 

This Reader is the one to whidi the editors have given their choicest 
efforts. The elementary principles of the earlier volumes are not forgot 
ten in this, but are subordinated to matters germane to more advanced 
teaching. The " Preparatory Notes " are more advanced than those of the 
preceding Reader, and seek to direct the mind more to style and the liter- 
ary character, and lastly to the logical element of the thought. Literary 
history and criticism are woven into the work in such way as to evoke 
thought and inquiry in the mind of the young. Extracts are given from 
Webster, Jefferson, Irving, Audubon, Cooper, Emerson, Wirt« and Wash- 
ington, along with others from De Quincey, Goethe, Victor Hugo, Byron, 
Shelley, Milton, Coleridge, and Shakespeare ; and with these is a vast 
amount of valuable information of every kind. It is, indeed, a text-book 
of hdlet^eUrw^ as well as of reading and spelling. Professor Bailey's 
lessons in elocution are fuller than in preceding volumes, and can probably 
not be equaled in the language for perspicuous brevity and completeness. 
All the departments of recitation — the earnest and plain, the noble, the 
joyous, the sad— sarcasm, scorn, humor, passion, poetry — are given clearly 
and practically. The collection of *' Unusual and Difficult Words ** at the 
close comprises fifty-four lists of words which should always be kept in 
mind by the student. 

D. APPLETON d CO., Pubfiehera, 

NEW YORK. BOSTON, CHICAQO, SAN FRANCISCO. 



APPLETONS' INSTRUCTIVE READING-BOOKS. 

NATURAL HISTORY SERIES. 

By Professor JAMES JOHONNOT, 

Author of "Principles and Practice of Teaching," "Geographical Beader," 

"How we Live," etc. 



No. 1. 
Book of Cats and Bogs, and other Friends. For Little Folks. 

No. s. 

Friends in Feathers and Fur, and other Neighbors. For 
Toimg Folks. 

No. 8. 

Neighbors with Wings and Fins, and some Others. For 

Boys and Girls. 

No. 4. 

Neighbors with Claws and Hoofis, and their iTt'i* For 
Toung People. 

Na 6. 

Glimpses of the Animate World : Science and Literature 
of Natural History. For School or Home. 



The publication of ^ Appletons* Instructive Reading-Books ** marks a 
distinct and important advance in the adaptation of special knowledge 
and general literature to the intelligent comprehension of pupils of all 
grades of attainment. The importance of this movement and its value 
to the present generation of school-children can not be overestimated. 

The Natural History Series contuns a full course of graded lessons 
for reading upon topics and in a style that are of the most fasdnating 
Interest to children and young people, while training them to habits of 
observation, and storing their minds with useful information. 

D. APPLETON d CO., Publiahera, 

NEW YORK, BOSTON, CHICAaO, SAN FRANCISCa 
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